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(54) METHOD OF MANUFACTURING FINE HOLES, FINE HOLES 
MANUFACTURED THEREBY AND STRUCTURAL BODY HAVING THE SAME 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide regularly-arranged fine holes excellent in linrality and 
to provide a manufacturing method for a structural body having the fine holes. 
SOLUTION: This manufacturing method for fine holes and a nano structural body having the 
fine holes has a process for irradiating a particle beam onto a processed object, and a process for 
anodizing the processed object irradiated with the particle beam to form the fine holes in the 
processed object. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the nano structure 
and the nano structure which have available pore in the large range especially as functional 
materials, such as an electron device, and an optical device, a micro device, a structural material, 
etc. about the structure which has the pore and this pore which were manufactured by the 
manufacture approach of pore, and the list by this manufacture approach. 
[0002] 

[Description of the Prior Art] In a metal and the thin film of a semi-conductor, a thin line, and a 
dot, there is a unique thing for which electric, optical, and chemical property are shown by 
shutting up a motion of an electron in size smaller than a certain characteristic die length. The 
interest about the ingredient (nano structure) which has structure more detailed than several 
lOOnm as high-performance material from such a viewpoint is increasing. 
[0003] As the manufacture approach of such the nano structure, photolithography is begun and 
the method of manufacturing the nano structure directly with semi-conductor processing 
techniques including detailed pattern formation techniques, such as electron beam lithography 
and X-ray lithography, is mentioned, for example. 

[0004] Moreover, the attempt which is going to realize the new nano structure is in the base in 
the regular structure formed automatically, i.e., the structure formed in a self-regulation target, 
besides such a manufacture approach. Since such technique may be able to manufacture the 
detailed and special structure which turns around the conventional approach a top depending on 
the fine structure used as the base, many researches are beginning to be done. 
[0005] The anodic oxidation which can manufacture easily the nano structure which has the pore 
of nano size with sufficient control as such self-regular technique is mentioned. For example, the 
anodic oxidation alumina which manufactures aluminum and its alloy by anodizing in an acidic 
bath is known. 

[0006] If aluminum plate is anodized in an acid electrolyte, a porosity oxide film will be formed 
(for example, reference, such as R.C.Fumeaux, W.R.Rigby&A.P.Davids, "NATURE", Vol.337, 
and P147 (1989)). The very detailed cylindrical pore (nano hole) whose diameter is several nm - 
hundreds of nm has the description of this porosity oxide film in having the specific geometric 
structure of arranging in parallel at intervals of several nm - hundreds of nm (cell size). The pore 
of the shape of this cylinder has a high aspect ratio, and is excellent also in the uniformity of the 
path of a cross section. Moreover, when the path and spacing of this pore adjust the current in the 
case of anodic oxidation, and an electrical potential difference, the thickness of an oxide film and 
the depth of pore are controlling the time amount of anodic oxidation, and a certain amount of 
control is possible for them. 



[0007] Moreover, the method of performing two steps of anodic oxidation, in order to improve 
the perpendicularity, the linearity, and the independence of pore, Namely, once removing the 
porosity oxide film anodized and formed, it anodizes again. The method of manufacturing the 
pore which shows better perpendicularity, linearity, and an independence is proposed 
("Jpn. Journal of Applied Phisics" , Vol.35, Part2, No.lB, pp.L126-L129, 1 January 15, 996 issue). 
Here, this approach uses that the hollow of the front face of the aluminum plate made when 
removing the anodic oxide film formed by the first anodic oxidation serves as a pore formation 
start point of the 2nd anodic oxidation. 

[0008] Furthermore, it anodizes, after forming the hollow which forces the approach of using a 
stamper and forming a pore formation start point in order to improve the controllability of the 
configuration of pore, spacing, and a pattern, i.e., the substrate which equipped the front face 
with two or more projections, on the surface of an aluminum plate, and can do it as a pore 
formation start point, and the method of manufacturing the pore which shows the controllability 
of a better configuration, spacing, and a pattern is also proposed (JP, 10-1 2 1292, A). 
[0009] Various application which paid its attention to the specific geometrical structure of this 
anodic oxidation alumina is tried. Although the description by Masuda is detailed, an application 
is listed hereafter. For example, there are application as a coat using the abrasion resistance of an 
oxide film on anode and insulation-proof and application of fill TAHE which exfoliates a coat 
Furthermore, various application including coloring, a magnetic-recording medium, EL light 
emitting device, an electrochromic element, an optical element, a solar battery, and a gas sensor 
is tried from using the technique filled up with a metal, a semi-conductor, etc. in a nano hole, and 
the replica technique of a nano hole. Furthermore, the application to the directions of many, such 
as the quantum effectiveness devices, such as quantum wire and an MIM component, and a 
molecule sensor using a nano hole as a chemical reaction place, is expected (Masuda" solid-state 
physics", 31,493 (1996)). 
[0010] 

[Problem(s) to be Solved by the Invention] The manufacture approach of the direct nano 
structure by the semi-conductor processing technique expressed previously and pore has 
problems, like the badness of the yield and the cost of equipment are high, and technique which 
can be manufactured with sufficient repeatability by simple technique is desired. 
[001 1] Since the technique of anodic oxidation from such a viewpoint can manufacture the nano 
structure and pore with sufficient control comparatively easily, it is desirable. 
[0012] However, although many techniques in which the pore object manufactured only by the 
usual anodic oxidation controlled the configuration of the pore and a pattern were developed, 
there was a limitation in the control. As control in anodic oxidation, the thing controllable to 
some extent is known [ depth / of pore / pole diameter ] for time amount in pore spacing on the 
anodic oxidation electrical potential difference at pore wide processing. Furthermore, the 
example which manufactured the regulation-ized nano hole arranged in the shape of a 
honeycomb by anodizing under suitable anodic oxidation conditions by Masuda and others as an 
example which controlled the array of pore is reported. However, in this regulation-ized nano 
hole, there were technical problems, like there is a limit to be anodized [ of long duration ] in 
spacing of the pore which can be manufactured. 

[0013] Moreover, in the approach of performing two steps of anodic oxidation, although the 
perpendicularity, the rectilinear-propagation nature, and the independence of pore have improved 
and the good parts of spacing of pore and the controllability of a pattern also existed still more 
nearly locally, when seen on the whole, spacing and the pattern of pore had the technical 



problem that these controllabilities were not good rather than were fixed. 
[0014] In the approach of furthermore forming a pore formation start point using a stamper, the 
controllability of the configuration of pore, spacing, and a pattern had the technical problem 
which is described below, although improved. 

(1) Since the stamper is used, it is difficult to form a pore formation start point in a front face to 
an irregular workpiece at homogeneity. 

(2) Since there is risk of a workpiece being destroyed to the workpiece whose mechanical 
strength is not strong since it is necessary to put a pressure on a workpiece at the time of stamper 
use, application is difficult. 

[0015] (3) Since it is difficult to expose aluminum on a front face to a workpiece by which the 
film was formed in the aluminum front face since compression by the stamper is used, it is 
difficult to make a stamp location into a pore formation start point. 

(4) It is not easy to have to use a hydraulic press at the time of use of a stamper, and to position a 
pattern with high precision. 

(5) It is not easy for manufacture of a stamper to manufacture without a defect the stamper which 
must use ultra-fine processing technology time-consuming [ like electron beam lithography ], 
and has the projection of uniform high density for a short time. 

[0016] The purpose of this invention is to solve these technical problems. That is, the purpose of 
this invention is offering the technique which controls the configuration of pore, spacing, a 
pattern, a location, a direction, etc. in the structure which has the pore and pore which are 
manufactured by anodic oxidation. 

[0017] It is providing coincidence with the technique which can be manufactured in a short time 
easily possible [ highly precise control of a pattern location ], without receiving constraint of 
existence of the film of the gestalt of a workpiece, for example, surface irregularity, a mechanical 
strength, and a front face etc. in this invention. 

[0018] It is using as the base the nano structure which has the pore furthermore manufactured 
with the application of this technique, indicating the new nano structure and a nano structure 
device, and making use possible for a nano hole in directions various as a functional material. 
[0019] 

[Means for Solving the Problem] Then, the manufacture approach of the pore of this invention is 
characterized by having the process which irradiates a corpuscular ray at a workpiece, and the 
process which forms pore more at said workpiece for anodizing the workpiece which irradiated 
said corpuscular ray. 

[0020] This invention is characterized also by said corpuscular ray being a charged particle beam 
again. Moreover, said corpuscular ray is characterized also by being a focused ion beam or an 
electron beam. 

[0021] This invention is characterized by being the process which removes said film 
alternatively again by irradiating said corpuscular ray at the film with which the process which 
irradiates said corpuscular ray controls the anodic oxidation arranged on the front face of said 
workpiece. 

[0022] This invention is characterized by being the process which forms in the front face of said 
workpiece alternatively the film which controls anodic oxidation again from the raw material 
contained in the ambient atmosphere in which the processes which irradiate said corpuscular ray 
surround said workpiece. 

[0023] According to this invention, pore can be formed in the location of said pore formation 
start point by irradiating a corpuscular ray at a workpiece, and being able to form a pore 



formation start point in a desired location, consequently anodizing a workpiece. For this reason, 
according to this invention, control of the array of the pore of the structure of a nano meter scale, 
spacing, a location, a direction, etc. is possible. 

[0024] the workpiece which has irregularity in a front face since the manufacture approach of 
this invention uses the exposure of a corpuscular ray for formation of a pore formation start point 
at coincidence — also receiving ~ a pore formation start point ~ homogeneity — forming highly 
is easy. 

[0025] Moreover, since it does not need to put a pressure on a workpiece when forming a pore 
formation start point, since the manufacture approach of this invention uses the exposure of a 
corpuscular ray for formation of a pore formation start point, a mechanical strength can apply it 
also to the workpiece which is not strong. 

[0026] Moreover, even when the film is formed in a workpiece front face, the manufacture 
approach of this invention is irradiating a corpuscular ray at said film, and said film is removed 
partially and it can form a pore formation start point. 

[0027] Moreover, since the manufacture approach of this invention uses corpuscular ray 
irradiation equipment, it is easy the approach to position a pattern with high precision using an 
attached secondary electron image observation function etc. 

[0028] Furthermore, since the manufacture approach of this invention uses corpuscular ray 
irradiation equipment, it can form a pore formation start point by straight- writing. Therefore, the 
process resist spreading required for stamper manufacture etc., electron beam exposure, and 
time-consuming [ like resist removal ] is unnecessary, and it is possible to form a pore formation 
start point for a short time. 
[0029] 

[Embodiment of the Invention] Hereafter, the manufacture approach of the structure which has 
the pore of this invention and pore is mainly explained using drawing 1 . Drawing 1 is process 
drawing showing an example of the manufacture approach of the nano structure of this invention. 
Following process (a) - (c) mainly corresponds to (a) - (c) of drawing 1 . 
[0030] (a) Prepare the workpiece 1 which forms preparation **** of a workpiece, and pore. 
Although the member which uses aluminum as a principal component is mentioned as a what 
workpiece this invention can be desirable and can apply, if it is the quality of the material in 
which the pore formation by anodic oxidation is possible, it will not be limited especially. For 
example, the member which uses Si, InP, or GaAs as a principal component can be used as a 
workpiece of this invention. 

[0031] The example of the gestalt of the workpiece which this invention can be desirable and can 
apply is shown in (a) - (d) of drawing 3 . The bulk 1 1 which uses aluminum as shown in drawing 
3 (a) as a principal component as an example of the 1st gestalt is mentioned. Moreover, in the 
bulk 1 1 which uses aluminum as a principal component, in order to give smooth nature to a front 
face, even if it is not necessarily required to perform mirror-polishing processing and some 
surface irregularity exists, this invention is applicable. 

[0032] Next, what formed the film 12 which uses aluminum as a principal component on the 
base 13 as shown in (b) of drawing 3 as an example of the 2nd gestalt is mentioned. At this time, 
the thing in which the film of one or more layers was formed on substrates, such as insulator 
substrates and silicon including quartz glass, and semi-conductor substrates including gallium 
arsenide, and these substrates is mentioned as a base 13. However, if there is no un-arranging in 
the pore formation by anodic oxidation of the film 12 which uses aluminum as a principal 
component, the quality of the material of a base 13, thickriess, especially a mechanical strength. 



etc. will not be limited. For example, if what formed the film of pore formation terminal point 
members, such as Ti and Nb, on the substrate as a base 13 is used, it will also become possible to 
raise the homogeneity of the depth of pore. Moreover, as for the membrane formation approach 
of the film 12 which carries out a principal component, the membrane formation approach of 
arbitration including resistance heating vacuum evaporationo, EB vacuum evaporationo, a spatter, 
and CVD can apply aluminum. Moreover, in the film 12 which uses aluminum as a principal 
component, even if the surface irregularity resulting from existence of a grain etc. exists, this 
invention is applicable. 

[0033] Next, what formed the membrane surface 14 in the thing ( drawing 3 (c)) which formed 
the membrane surface 14 in the bulk 1 1 which uses aluminum as a principal component as an 
example of the 3rd gestalt, or the thing which formed in base top 13 the film 12 which uses 
aluminum as a principal component ( drawing 3 (d)) is mentioned. Although an insulator, bulb 
metals (Nb, Ti, Ta, Zr, Hf, etc.), or C is mentioned, for example, if it is the quality of the material 
which is not inconvenient to the pore formation by anodic oxidation as the quality of the material 
of the membrane surface 14 formed in a front face at this time, it will not be limited especially. 
[0034] Moreover, although not only the film of a monolayer but the film more than two-layer is 
mentioned as a membrane surface 14, if there is no un-arranging in the pore formation by anodic 
oxidation, neither the quality of the material of each layer nor especially its combination will be 
limited. For example, as shown in drawing 8 (a), in the case of the workpiece which is the two- 
layer film which is the conductive film 17 which the membrane surface 14 formed the insulator 
film 1 8 and on it, the manufactured nano structure becomes like drawing 8 (c), but it also 
becomes possible to apply the nano structure manufactured by using the conductive film on the 
top face of the maximum as a microelectronic device. Moreover, in a membrane surface 14, even 
if the surface irregularity resulting from existence of a grain etc. exists, this invention is 
applicable. 

[0035] Although what has what [ not only / tabular ] is smooth as a configuration of the 
workpiece of this invention but a curved surface, the thing which has a certain amount of 
irregularity and level difference on a front face are mentioned, if there is no un-arranging in the 
pore formation by anodic oxidation, it will not be limited especially. 

[0036] (b) It is irradiating a corpuscular ray 10 (their being a focused ion beam and an electron 
beam as a concrete example) at the formation process above-mentioned workpiece 1 of a pore 
formation start point, and form the pore formation start point 2 in a desired location. 
[0037] A setup of the exposure location of the corpuscular ray to a workpiece can be carried out 
by being easily highly precise by using the observation means attached to corpuscular ray 
irradiation equipment. 

[0038] The method of detecting the secondary electron generated especially as this observation 
means when corpuscular rays, such as a focused ion beam and an electron beam, are scanned on 
a sample, and obtaining a scan image is mentioned. By this approach, a corpuscular ray will be 
irradiated at a workpiece at the time of observation. However, it is possible for the effect of the 
particle radiation at the time of setting up the patterning location of a workpiece to be 
substantially disregarded by obtaining a scan image using the corpuscular ray of an amount small 
enough. 

[0039] The approach of scanning the corpuscular ray itself and moving an exposure location as 
an approach of moving the exposure location of a corpuscular ray, the method of moving a 
workpiece, or the approach of combining the both is mentioned. Although the method of moving 
the corpuscular ray itself here is rational in equipment, since a movable distance has a limit, it is 



thought that the approach of combining both is suitable to form a pore formation start point in a 
large area and high density. Moreover, if the sample stage in which highly precise position 
control is possible also about the approach of moving a workpiece is used, it is possible to apply 
this invention. 

[0040] Next, the example of the formation approach of the pore formation start point by the 
particle radiation of this invention is explained using drawing 4 , drawing 1 0 , and drawing 1 1 , 
At this time, drawing 4 (a), drawing 4 (c), drawing 10 (a), drawing 10 (c), and drawing 1 1 (a) are 
the examples which formed the pore formation start point in the shape of a honeycomb mostly. 
Moreover, drawing 4 (b), drawing 4 (d), drawing 10 (b), drawing 10 (d), and drawing 1 1 (b) are 
the examples which formed the pore formation start point in the shape of forward 4 square shape 
mostly. Although various examples can be considered besides the example shown here, if there 
is no un-arranging in the pore formation by anodic oxidation, it will not be limited especially. 
[0041] When it roughly divides, there are the following three approaches among the formation 
approaches of the pore formation start point by the particle radiation of this invention, a primary 
method is irradiating a corpuscular ray on a workpiece front face, and is physical in a workpiece 
front face - and ~ or it is the approach of making it changing chemically. 
[0042] And the second approach is the approach of removing a mask partially by irradiating a 
corpuscular ray on the mask (film which controls anodic oxidation) formed in the workpiece 
front face, making expose the front face of a workpiece partially, and making that a pore 
formation start point. 

[0043] Furthermore, the third approach is irradiating a corpuscular ray on a workpiece front face, 
and is the approach of forming in a workpiece front face a mask (film which controls anodic 
oxidation) around a part making into a pore formation start point from the raw material which 
exists in the ambient atmosphere which surround a workpiece. 

[0044] First, a primary method is explained. There are an approach of irradiating a corpuscular 
ray alternatively only in a location making into a pore formation start point and the approach of 
forming a pore formation start point with the difference of the exposure, although a corpuscular 
ray is irradiated besides a location to make into a pore formation start point at a primary method. 
[0045] It is the approach ( drawing 4 (a), (b)) of irradiating a corpuscular ray only in a location 
making into the above and a pore formation start point as an example of the approach of 
irradiating a corpuscular ray alternatively at a workpiece at the field of plurality [ shape / of a dot 
(circle) ], for example. By the approach shown in drawing 4 (a) and (b), after making a 
corpuscular ray stay at a certain dot location 31, it repeats moving to the dot location 31 of a 
degree and making a corpuscular ray stay, and it is performed. A pore formation start point can 
be formed in the field to which the corpuscular ray was irradiated by doing in this way. It is 
possible by shortening transit time between dots very much compared with the residence time in 
a dot location to lose substantially the effect of the particle radiation in the case of migration 
between dots to stop a corpuscular ray here at the time of migration between dots. 
[0046] moreover — as the example of the approach of forming a pore formation start point with 
the difference of the exposure of the above-mentioned corpuscular ray ~ a workpiece - a 
corpuscular ray -- the shape of Rhine - and there is the approach ( drawing 4 (c), (d)) of 
irradiating so that an intersection may be formed. This approach is irradiating a corpuscular ray 
in the shape of Rhine in the different direction at a workpiece, and forms at least the part 
(intersection) irradiated twice. As shown in drawing 4 (c) and (d), the approach of scanning a 
corpuscular ray in the shape of [ which intersects perpendicularly mutually ] Rhine 32, and 
irradiating it only once is more specifically mentioned. In this approach, since the multiple-times 



exposure of the corpuscular ray is carried out compared with that perimeter on the intersection 
33 of Rhine, a pore formation start point can be formed in the intersection 33 of Rhine. 
[0047] Here, why the part which irradiated the corpuscular ray, or a part with many corpuscular 
ray exposures (count) becomes a pore formation start point is explained below, chemical change 
(presentation change etc.) according to an ion implantation when a focused ion beam is used as a 
corpuscular ray ~ and ~ or it is presumed that the condition of differing from a perimeter is 
formed in a workpiece front face, the singular point at the time of it being anodic oxidation (pore 
formation start point) comes, and anodic oxidation advances by physical change by ion etching. 
[0048] Moreover, as a corpuscular ray, when an electron ray is used, the physical conditions of 
changing, having reached or differing from a perimeter by chemical change (presentation change 
etc.), such as thermal deformation by electron beam exposure, damage generating, and 
evaporation, were formed in the workpiece front face, the singular point at the time of it being 
anodic oxidation (pore formation start point) came, and it is presumed that anodic oxidation 
advances. 

[0049] The above-mentioned manufacture approach is irradiating a corpuscular ray on the 
surface of a workpiece, and makes directly the part which produced and cheated out of a certain 
change a pore formation start point at a workpiece. However, the formation approach of the pore 
formation start point of this invention is not restricted to the above-mentioned approach. 
[0050] Next, the second approach of above mentioned this invention is explained. This approach 
arranges beforehand the film (membrane surface) 14 which controls anodic oxidation on the 
surface of a workpiece, as shown in drawing 3 (c), drawing 3 (d), or drawing 8 (a), a corpuscular 
ray is irradiated, by this, the above-mentioned film is partially removed only in the location of a 
request of this film, and the front face of a workpiece is exposed in it ( drawing 8 (b), drawing 1 1 
(a), (b)). Let the front face of the exposed workpiece be a pore formation start point by this 
approach. As an example of the approach of irradiating a corpuscular ray only in a location 
making into the above and a pore formation start point, the approach ( drawing 1 1 (a), (b)) of 
irradiating a corpuscular ray in the shape of a dot (circle) is mentioned to a workpiece, for 
example. By the approach shown in drawing 1 1 (a) and (b), after making a corpuscular ray stay 
at a certain dot location 37, it repeats moving to the dot location 37 of a degree and making a 
corpuscular ray stay, and it is performed. The field which removed the membrane surface 14 of 
the field where the corpuscular ray was irradiated, was made to expose processing-ed, and was 
exposed by doing in this way can be made into a pore formation start point. It is possible by 
shortening transit time between dots very much compared with the residence time in a dot 
location to lose substantially the effect of the particle radiation in the case of migration between 
dots to stop a corpuscular ray here at the time of migration between dots. 
[0051] Next, the third approach of above mentioned this invention is explained. Contrary to the 
second approach of the above, this approach can arrange the film 14 which controls the anodic 
oxidation described above on the surface of the workpiece only in a desired location by 
irradiating a corpuscular ray to the field of a request of a workpiece in the ambient atmosphere 7 
containing the raw material for forming the film which controls anodic oxidation, as shown in 
drawing 9 (b). And as a result, the front face (front face of a workpiece in which the film 14 is 
not formed) of the workpiece which is not irradiating the corpuscular ray can be made into a pore 
formation start point ( drawing 10 ). as an example of the formation approach of the pore 
formation start point by this approach, a pore formation start point can be formed by leaving a 
pattern ( drawing 10 (a) and (b) - the shape of a dot (circle), and drawing 10 (c) - **** - the 
shape of a rectangle) making into a pore formation start point, and irradiating the front face 35 of 



the workpiece which remains with a corpuscular ray (d). Especially, it is drawing 10 (c) (d), In 
the shown pattern, a corpuscular ray can be scanned in the shape of Rhine on a workpiece front 
face, and the field 38 surrounded by the film which controls anodic oxidation can be made into a 
pore formation start point by placing the film which controls Rhine-like anodic oxidation and 
arranging spacing. Therefore, since a pore formation start point can be formed simply, it is 
desirable. 

[0052] As film which controls the above-mentioned anodic oxidation, although an insulator is 
mentioned, for example, if it is the ingredient which can control anodic oxidation of a workpiece, 
a conductor or a semi-conductor will also be available. However, ** with desirable removing 
noble metals, in using a conductor in order to anodize to stability. 

[0053] Why the non-irradiating location of the corpuscular ray in the inside of the ambient 
atmosphere containing the raw material for forming the film which controls anodic oxidation 
here becomes a pore formation start point is explained. In a particle-radiation location, the film is 
formed for the above-mentioned raw material on the workpiece of a particle-radiation location of 
a pyrolysis etc. And since the pore formation to the workpiece which exists directly under the 
film is controlled with the formed film, it is presumed that formation (growth) of the pore in 
corpuscular ray a non-irradiating location advances. 

[0054] The ingredient which has a metal as a component is mentioned as the 1st mode of the 
class of raw material for forming the film which controls the above-mentioned anodic oxidation, 
for example, - W - (- CO -) ~ six ~ Mo - (- CO -) - six ~ like - a metal carbonyl - 
metallurgy - a group - an organic compound - SiCl - four - TiCl - four - ZrCl ~ four ~ 
TaCl ~ four - MoCl - five - WF ~ six - etc. - a metal - a halogenide - or - SiH - four - Si 
- two ~ H - six etc. - the gas of metal hydride [ like ] is mentioned. 
[0055] Moreover, as the 2nd mode of the class of raw material for forming the film which 
controls the above-mentioned anodic oxidation, the gas of an organic compound which does not 
contain a metal as a component is mentioned. For example, gas, such as ketones, such as 
hydrocarbon compounds, such as aromatic compounds, such as a pyrene and torr nitril, methane, 
and ethane, and an acetone, is mentioned. However, if there is no un-arranging in the pore 
formation by anodic oxidation, especially the class of gas for membrane surface formation will 
not be restricted. 

[0056] using independently as a usage of the raw material for forming the film which controls 
the above-mentioned anodic oxidation, and Ar, helium and N2 etc. - although mixing with gas 
and using etc. is mentioned, especially if there is no un-arranging in the pore formation by anodic 
oxidation, it will not be limited to these. [ moreover, ] 

[0057] When the 1st raw material furthermore mentioned above is used, the film 14 which 
controls the above-mentioned anodic oxidation contains a metal, W (CO) When 6 is used as a 
raw material, the film containing W is formed. On the other hand, the film 14 which controls the 
above-mentioned anodic oxidation when the 2nd above-mentioned raw material is used turns 
into film containing carbon. However, in these film, other elements in an ambient atmosphere 
may be contained as an impurity. 

[0058] Furthermore, as the above-mentioned raw material, in aluminum (CH3)3 and the ambient 
atmosphere 7 containing A1C13, aluminum film is formed on the surface of a workpiece, and 
concavo-convex aluminum is substantially formed in the field of a request of the workpiece 
which uses aluminum as a principal component by irradiating a corpuscular ray. Therefore, the 
crevice (the field which is not irradiating the corpuscular ray, or field with few exposures of a 
corpuscular ray) of aluminum can also be made into a pore formation start point. Therefore, it 



can be considered that aluminum film acts in this case as film which controls anodic oxidation 
substantially. 

[0059] Next, the corpuscular ray used for this invention is explained. When using a focused ion 
beam as a corpuscular ray in this invention, as the ion kind, Ga, Si, germanium, Cs, Nb, Cu, etc. 
which are the liquid metal ion source, O, N, H, helium, Ar which are a source of field ionization 
gas ion, etc. are mentioned. However, if there is no un-arranging in the pore formation by 
anodization, especially the ion kind of a focused ion beam will not be restricted. 
[0060] However, it is desirable to use Ga as an ion kind of a focused ion beam from the reason of 
the ease of dealing with it etc. in the ease of treating in fact. Moreover, if the effectiveness of an 
ion implantation is taken into consideration, an element like noble metals which is hard to 
anodize may not be desirable as an ion kind of the focused ion beam in this invention. However, 
in for performing physical deformation of workpiece front faces, such as ion etching on the front 
face of a workpiece, it is not the limitation in order to form the film 14 for controlling the anodic 
oxidation mentioned above. Moreover, although it changes according to process terms and 
conditions, such as an ion kind and acceleration voltage, about the effectiveness by the ion 
implantation, it is desirable for the element of the ion kind more than Ippm to exist in the pore 
formation start point. 

[0061] on the other hand — this invention — when using an electron beam as a corpuscular ray to 
kick, it is desirable as the energy to use 1 or more keVs the thing of less than 10 MeV. Therefore, 
as electronic acceleration voltage, a several kV - about several MV thing is mentioned. However, 
if there is no un-arranging in the pore formation by anodization, especially the energy and 
acceleration voltage of an electron beam will not be restricted. However, it is desirable to use 10 
or more keVs the thing of 1 or less MeV as energy of an electron beam from the reasons of the 
repeatability of the configuration of pore etc. in fact. Therefore, lOkV or more IMV or less is 
desirable also as acceleration voltage of an electron beam. 

[0062] Next, the arrangement pattern of a pore formation start point is explained. It is possible to 
form a pore formation start point in the location of arbitration in this invention. Moreover, it is 
not limited especially about spacing and the pattern of a pore formation start point location. 
However, when actual application is taken into consideration, it will form so that it may become 
the repeat of the almost same spacing and a pattern by being required to form in the location of 
the repeat of the almost same spacing and a pattern the nano structure which has pore and pore 
about a pore formation start point in that case. 

[0063] At this time, since there is an inclination for the pattern of pore to become the repeat of a 
honeycomb-like pattern mostly by self-organizing when the member which uses aluminum as a 
principal component as a workpiece in the pore formation by anodic oxidation is used, it is 
desirable to form so that a pore formation start point may become the repeat of a honeycomb-like 
pattern mostly beforehand. This is desirable especially when it is going to form the structure 
which has deep pore. However, since the above-mentioned self-organizing does not happen yet 
when pore is shallow, it is also possible to form so that a pore formation start point may become 
the repeat of the pattern of configurations of arbitration, such as the shape of a square, mostly. 
[0064] Moreover, in the pore formation by anodic oxidation, spacing of pore is controllable by 
process terms and conditions, such as the class of electrolytic solution used for anodic oxidation, 
concentration, temperature and the anodic oxidation electrical-potential-difference impression 
approach, an electrical-potential-difference value, and time amount, to some extent. Therefore, it 
is desirable to form a pore formation start point in spacing of the pore expected from process 
terms and conditions beforehand. For example, it is [0065] experientially between spacing 2R 



(nm) and the anodic oxidation electrical potential differences Va (Volt) of pore. 
[Equation 1] 

2R = 10 + 2Va (S; 1) 

[0066] since there is ****** - the maximum access distance (spacing) 2 of a pore formation 
start point - as the conditions for Rv (nm) and the anodic oxidation electrical potential 
difference Va (Volt) [0067] 
[Equation 2] 

Va = (2Rv - 10) /2 (S;2) 

[0068] It is desirable to apply ******** conditions, especially the conditions with which a 
formula 2 is filled in **30% of error range from a formula 2. 

[0069] This is desirable especially when it is going to form the structure which has deep pore and 
deep pore. On the other hand, when the depth of the pore of the workpiece which it is going to 
form is shallow, the constraint specified from the above-mentioned conditions etc. about spacing 
of a pore formation start point becomes loose. 

[0070] As mentioned above, especially spacing (2Rv) of the pore formation start point by this 
invention is not restricted, but when actual application is taken into consideration, 5nm or more 
lOOOnm or less is desirable. 

[0071] Moreover, the intensity distribution of the corpuscular ray which can be used by this 
invention and which was mentioned above are carrying out Gaussian distribution mostly, 
therefore --****- the particle-radiation field (namely, diameter of a corpuscular ray) which it 
can say and is irradiated to each pore formation start point has a desirable method of not lapping 
with the particle-radiation field (namely, diameter of a corpuscular ray) which irradiates the next 
pore formation start point. Therefore, as a diameter of the corpuscular ray used for processing in 
this invention, it is desirable that it is below spacing of a pore formation start point. Therefore, as 
a diameter of the corpuscular ray used for processing, a thing 500nm or less is desirable. 
[0072] (c) Manufacture the structure which has pore 3 in the pore formation start point 2 by 
performing anodizing to the workpiece 1 in which the pore formation process above-mentioned 
pore formation start point was formed. 

[0073] The outline of the anodic oxidation equipment used for this process is shown in drawing 
5 . It is the ammeter with which one measures a workpiece and the power source to which in a 
constant temperature bath and 42 the electrolytic solution and 44 impress a reaction container, 
and, as for 45, the cathode of Pt plate and 43 impress [ 41 ] an anodic oxidation electrical 
potential difference among drawing 5 , and 46 measures an anodic oxidation current. Although 
omitted by a diagram, automatic control, the computer to measure are incorporated in the 
electrical potential difference and the current. 

[0074] A workpiece 1 and a cathode 42 are arranged in the electrolytic solution kept constant in 
temperature with the constant temperature bath, and anodic oxidation is performed by impressing 
an electrical potential difference between a sample and a cathode from a power source. 
[0075] Although oxalic acid, phosphoric acid, a sulfuric acid, a chromic-acid solution, etc. are 
mentioned, the electrolytic solution used for anodic oxidation will not be limited especially if 
there is no un-arranging in the pore formation by anodic oxidation. Moreover, terms and 
conditions according to each electrolytic solution, such as an anodic oxidation electrical potential 
difference and temperature, can be suitably set up according to the nano structure to manufacture. 
[0076] By pore wide processing in which the above-mentioned nano structure is furthermore 



dipped into an acid solution (the case of an anodic oxidation alumina for example, phosphoric- 
acid solution), a pole diameter can be extended suitably. It can consider as the structure which 
has the pore of a desired path with acid concentration, the processing time, temperature, etc. 
[0077] An example (anodic oxidation alumina) of the configuration of the structure which has 
the pore of this invention is described in <config;uration of the nano structure> drawing 2 . A 
sectional view [ in / drawing 2 (a) and / in drawing 2 (b) / AA line of drawing 2 (a) ] is shown. 
[ a top view ] As for a workpiece and 3, in drawing 2 , 1 is [ pore (nano hole) and 4 ] barrier 
layers. 

[0078] The structure of this invention is explained here, this structure - the cylinder-like pore 3 - 
- having - each pore 3 - mutual - parallel ~ and it arranges at equal intervals mostly. Several 
nm - hundreds of nm and spacing (cell size) 2R of diameter 2r of pore 3 are several nm - about 
hundreds of nm. the concentration of the electrolytic solution which uses spacing of pore 3, and a 
diameter for the formation conditions of a pore formation start point, or anodic oxidation, 
temperature and the anodic oxidation electrical-potential-difference impression approach, an 
electrical-potential-difference value, and time amount - they are process terms and conditions, 
such as subsequent pore wide processing conditions, further - extent control can be carried out. 
Moreover, depth d (die length) of pore 3 can be controlled by thickness of anodic oxidation time 
amount and aluminum etc., for example, while being lOnm - 100 micrometers, it is. 
[0079] Moreover, according to the manufacture approach of this invention, as shown not only in 
a gestalt but in drawing 6 (c) which was shown in drawing 2 (b) and at which pore has stopped 
on the way like, it can also consider as the structure which has the pore which penetrates a 
workpiece. 

[0080] The nano structure can also be made by using the further above-mentioned nano structure 
as mold or a mask. By embedding functional materials, such as a metal and a semi-conductor, 
into pore as an example of formation of such the nano structure, using as mold the nano structure 
which has pore Although forming quantum wire or forming a quantum dot by vapor-depositing 
functional materials, such as a metal and a semi-conductor, using the nano structure which has 
penetration pore as a mask for vacuum evaporationo is mentioned, it will not be limited 
especially if there is no un-arranging in formation of the nano structure. 
[0081] Here, (c) of drawing 7 shows the example in which quantum wire was formed, by 
embedding a filler 6 into pore 3. 
[0082] 

[Example] An example is raised to below and this invention is explained. 
[0083] As shown in preparation drawing 1 (a) of an example 1 (a) workpiece, what performed 
mirror plane processing for the front face of aluminum plate of 99.99% of purity by electric-field 
polish in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0084] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point 2 was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0085] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, using the focused ion beam of 30nm of ion beam ****, and ion current abbreviation 3pA, 
as shown in drawing 4 (a), the pore formation start point was formed by irradiating a focused ion 
beam in the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a honeycomb 
mostly at intervals of about lOOnm. At this time, the residence time of the focused ion beam in 



each dot location was about 10 msec(s). 

[0086] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution — a 0.3M oxalic acid water solution ~ using ~ a constant 
temperature bath - a solution ~ 3 degrees C - holding - an anodic oxidation electrical potential 
difference about 40 — it was referred to as V. 

[0087] next, a workpiece - after anodizing - 5wt(s)% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0088] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about lOOnm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0089] As shown in preparation drawing 3 (b) of an example 2 (a) workpiece, what formed 
aluminum film with a thickness of about 200nm with resistance heating vacuum deposition was 
prepared on the quartz substrate as a workpiece. 

[0090] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment. Next, using the 
focused ion beam of 30nm of ion beam ****, and ion current abbreviation 3pA, as shown in 
drawing 4 (b), the pore formation start point was formed by irradiating a focused ion beam in the 
shape of a dot at a workpiece, as it becomes the repeat of the pattern of forward four square 
shapes mostly at intervals of about 60nm. At this time, the residence time of the focused ion 
beam in each dot location was about 100 msec(s). 

[0091] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M sulfuric-acid water solution - using ~ a constant 
temperature bath - a solution - 3 degrees C ~ holding - an anodic oxidation electrical potential 
difference - about 25 - it was referred to as V. 

[0092] next, a workpiece - after anodizing - 5wt(s)% - the path of pore was extended by 
dipping between 20min into a phosphoric-acid solution. 
[0093] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 40nm, pore spacing is 
about 60nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0094] The same workpiece as the preparation example 1 of an example 3 (a) workpiece was 
prepared. 

[0095] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment. Next, the pore 



formation start point was formed in the intersection of each Rhine by irradiating a focused ion 
beam at the shape of Rhine so that it may become the repeat of Rhine almost parallel to a 
direction which is different 60 degrees to previous Rhine after irradiating a focused ion beam at 
the shape of Rhine so that it may become the repeat of Rhine almost parallel at intervals of about 
lOOnm, as shown in drawing 4 (c) using the focused ion beam of 30nm of ion beam ****, and 
ion current abbreviation 3pA at intervals of about lOOnm. A scanning speed and the count of a 
scan were adjusted so that the sum total of the residence time of the focused ion beam in the 
intersection of Rhine might be set to about 10 msec(s) at this time. 

[0096] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution ~ using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference — about 50 — it was referred to as V. 

[0097] next, a workpiece - after anodizing - 5wt(s)% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0098] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 115nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0099] As shown in preparation drawing 8 (a) of an example 4 (a) workpiece, after forming Ti 
film used as about 50nm pore trailer material 15 by the spatter and forming a base 13 on the Si 
substrate 16 What formed about 500nm aluminum film 12 with resistance heating vacuum 
deposition, and formed about 20nm Pt film which is the conductive film 17 in a spatter about 
Si02 about 20nm film which is the insulator film 18 as a membrane surface 14 further by the 
spatter was prepared as a workpiece 1 . 

[0100] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 8 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment. Next, using the 
focused ion beam of 50nm of ion beam ****, and ion current abbreviation 60pA, as shown in 
drawing 11 (a), the pore formation start point was formed by irradiating a focused ion beam in 
the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a honeycomb mostly 
at intervals of about 150nm. At this time, the residence time of the focused ion beam in each dot 
location was about 30 msec(s). 

[0101] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed, the acid electrolytic 
solution - a 0.3M phosphate water solution ~ using - a constant temperature bath - a solution ~ 
3 degrees C - holding - an anodic oxidation electrical potential difference - about 70 - it was 
referred to as V. It was able to check that anodic oxidation had reached to the pore **** member 
by reduction in a current value here at the time of anodic oxidation. 
[0102] next, a workpiece - after anodizing ~ 5wt(s)% ~ the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution (.) (refer to drawing 8 (c)) 
[0103] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter in a membrane surface is 



[ about 70nm and pore spacing of the pole diameter in about 50nm and the alumina film ] about 
150nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb-like 
pattern, and the high nano structure of the regularity of pore is formed. Moreover, when electric 
measurement of a workpiece was performed, it was checked that surface Pt film is insulated by 
holding conductivity and coincidence between surface Pt film and Ti film which is a pore 
terminal point member, 

[0104] Example 5 this example is an example which produced the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0105] (a) Using the same approach as (a) and (b) of preparation of a workpiece, and the 
formation process example 1 of (b) pore formation start point, after preparing a workpiece, the 
pore formation start point was formed in the workpiece. 

[0106] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution - using ~ a constant 
temperature bath ~ a solution - 3 degrees C -- holding - an anodic oxidation electrical potential 
difference — about 40 — it was referred to as V. 

[0107] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in drawing 6 (a) - (c). The part of the bulk 1 1 
of aluminum of a workpiece was removed by dipping the nano structure as first shown in 
drawing 6 (a) in the HgC12 saturated solution ( drawing 6 (b)). next, a workpiece - 5wt(s)% - 
while removing the barrier layer 4 by dipping between 30min into a phosphoric-acid solution, by 
extending the path of pore, the nano structure which has the penetration pore 5 was produced 
( drawing 6 (c)). 

[0108] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about lOOnm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0109] Example 6 this example is an example which was filled up with the metal in pore and 
produced the nano structure (quantum wire), using as mold the nano structure which has the pore 
formed by anodic oxidation. 

[0110] (a) As shown in preparation drawing 7 (a) of a workpiece, after forming Ti film used as 

pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 1 3 on 

the Si substrate 16, what formed the aluminum film 12 with a thickness of about 500nm with 

resistance heating vacuum deposition fiirther was prepared as a workpiece 1 . 

[01 1 1] (b) The pore formation start point was formed in the workpiece using the same approach 

as (b) of an example 1 except the residence time of the focused ion beam in formation process 

each dot location of a pore formation start point being about 100 msec(s). 

[0112] (c) The path of pore was extended after forming pore in a workpiece using the same 

approach as (c) of the formation process example 1 of pore ( drawing 7 (b)). It was able to check 

that anodic oxidation had reached to pore trailer material by reduction in a current value here at 

the time of anodic oxidation. 

[0113] (d) When the metal packer into pore performed nickel metal electrodeposition more next, 
it was filled up with the filler 6 in pore ( drawing 7 (c)). nickel was deposited in the nano hole by 
nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electrolytic solution which consists of H3B03 of NiSO 4 and 0.5M of 0.14M. 



[01 14] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about lOOnm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[0115] When the workpiece after nickel **** was ftirthermore observed in FE-SEM, pore is 
filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[0116] The example 1 of the one example comparison of a comparison produced the nano 
structure by the same approach as an example 1 except having not performed the formation 
process of (b) pore formation start point in the example 1 . 
[0117] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter was 30-50nm, pore spacing 

was 90-lOOnm, each pore was formed at random and the regularity of pore was low. 

[0118] As shown in preparation drawing 1 (a) of an example 7 (a) workpiece, what performed 

mirror plane processing for the front face of aluminum plate of 99.99% of purity as a workpiece 

by electrolytic polishing in the inside of the mixed solution of perchloric acid and ethanol was 

prepared. 

[0119] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0120] The location which forms a pore formation start point was first defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
using the electron beam with a beam diameter of about lOnm, as shown in drawing 4 (a), the 
pore formation start point was formed by irradiating an electron beam in the shape of a dot at a 
workpiece, as it becomes the repeat of the pattern of a honeycomb mostly at intervals of about 
100nm(2Rv). 

[0121] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using - a constant 
temperature bath ~ a solution ~ 3 degrees C - holding ~ an anodic oxidation electrical potential 
difference ~ about 40 ~ it was referred to as V. 

[0122] next, a workpiece - after [ anodizing ] and 5wt% ~ the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0123] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about lOOnm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0124] As shovm in preparation drawing 3 (b) of an example 8 (a) workpiece, what formed the 
aluminum film 12 with a thickness of about 200nm with resistance heating vacuum deposition 
was prepared on the quartz substrate 1 3 as a workpiece. 

[0125] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 



drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, using the electron beam with a beam 
diameter of about lOnm, as shown in drawing 4 (b), the pore formation start point was formed by 
irradiating an electron beam in tfie shape of a dot at a workpiece, as it becomes the repeat of the 
pattern of forward four square shapes mostly at intervals of about 60nm (2Rv). 
[0126] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution ~ a 0.3M sulfuric-acid water solution — using a constant 
temperature bath ~ a solution - 3 degrees C - holding — an anodic oxidation electrical potential 
difference — about 25 — it was referred to as V. 

[0127] next, a workpiece — after [ anodizing ] and 5wt% ~ the path of pore was extended by 
dipping between 20min into a phosphoric-acid solution. 
[0128] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 40nm, pore spacing is 
about 60nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0129] The same worlqjiece as the preparation example 7 of an example 9 (a) workpiece was 
prepared. 

[0130] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, the pore formation start point was formed 
in the intersection of each Rhine by irradiating an electron beam at the shape of Rhine so that it 
may become the repeat of Rhine almost parallel to a direction which is different 60 degrees to 
previous Rhine after irradiating an electron beam at the shape of Rhine so that it may become the 
repeat of Rhine almost parallel at intervals of about lOOnm, as shown in drawing 4 (c) using an 
electron beam with a beam diameter of about 30nm at intervals of about lOOnm. 
[0131] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution — using — a constant 
temperature bath - a solution - 3 degrees C ~ holding ~ an anodic oxidation electrical potential 
difference — about 50 — it was referred to as V. 

[0132] next, a workpiece — after [ anodizing ] and 5wt% — the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0133] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 1 15nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0134] As shown in a detail at (a) of preparation drawing 8 of an example 10 (a) workpiece After 
forming Ti film used as a pore terminal point member 1 5 with a thickness of about 50nm by the 
spatter and forming a base 13 on the Si substrate 16 Si02 with a thickness of about 20nm which 
the aluminum film 12 with a thickness of about 500nm is formed with resistance heating vacuum 



deposition, and is the insulator film 18 as a membrane surface 14 further What formed Pt film 
with a thickness of about 20nm which is the conductive film 1 7 in a spatter about the film by the 
spatter was prepared as a workpiece 1 . 

[0135] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 8 (b), the pore formation start point 2 was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, using the electron beam of lOnm of ion 
beam ****, as shown in drawing 1 1 (a), the pore formation start point was formed by irradiating 
an electron beam in the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a 
honeycomb mostly at intervals of about 150nm. 

[0136] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed, the acid electrolytic 
solution ~ a 0.3M phosphate water solution — using - a constant temperature bath - a solution - 
3 degrees C - holding - an anodic oxidation electrical potential difference - about 70 - it was 
referred to as V. It was able to check that anodic oxidation had reached to the pore terminal point 
member by reduction in a current value here at the time of anodic oxidation. 
[0137] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution (.) (refer to drawing 8 (c)) 
[0138] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter in a membrane surface is 
[ about 70nm and pore spacing of the pole diameter in about 50nm and the alumina film ] about 
150nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb-like 
pattern, and the high nano structure of the regularity of pore is formed. Moreover, when electric 
measurement of a workpiece was performed, it was checked that surface Pt film is insulated by 
holding conductivity and coincidence between surface Pt film and Ti fihn which is a pore 
terminal point member. 

[0139] Example 1 1 this example is an example which manufactured the structure which has the 
penetrated pore, (a) The same approach as (a) and (b) of an example 7 was used for preparation 
of a workpiece, and the formation process of (b) pore formation start point. 
[0140] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution ~ using — a constant 
temperature bath ~ a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 40 — it was referred to as V. 

[0141] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6 . The part of the 
bulk 1 1 of aluminum of a workpiece was removed by dipping the nano structure as first shown in 
(a) of drawing 6 in the HgC12 saturated solution ((b) of drawing 6 ). next, a workpiece - 
5wt(s)% - while removing the barrier layer 4 by dipping between 30min into a phosphoric-acid 
solution, by extending the path of pore, tfie nano structure which has the penetration pore 5 was 
manufactured ((c) of drawing 6 ). 
[0142] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about lOOnm, and it was checked that each penetration pore is mostly formed by the repeat of a 



honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0143] Example 12 this example is an example which was filled up with the metal in pore as 
mold formed by anodic oxidation, and manufactured the nano structure (quantum wire). 
[0144] (a) As shown in a detail at (a) of preparation drawing 7 of a workpiece, after forming Ti 
film used as a pore terminal point member 15 with a thickness of about 50nm by the spatter and 
forming a base 13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of 
about 500nm with resistance heating vacuum deposition further was prepared as a workpiece 1. 
[0145] (b) The pore formation start point was formed in the workpiece using the same approach 
as (b) of the formation process example 7 of a pore formation start point. 
[0146] (c) The path of pore was extended after forming pore in a workpiece using the same 
approach as (c) of the formation process example 7 of pore ((b) of drawing 7 ). It was able to 
check that anodic oxidation had reached to the pore terminal point member by reduction in a 
current value here at the time of anodic oxidation. 

[0147] (d) When the metal packer into pore next performed nickel metal electrodeposition, it was 
filled up with the filler 6 in pore ((c) of drawing 7 ). nickel was deposited in the nano hole by 
nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electt-olytic solution which consists of H3B03 of NiSO 4 and 0.5M of 0.14M. 
[0148] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about lOOnm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to a pore terminal point member, and 
the die length of pore was controlled by arranging a pore terminal point member. 
[0149] When the workpiece after nickel restoration was furthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[0150] As shown in example 13(a) workpiece preparation drawing 9 (a), what performed mirror 
plane processing for the front face of aluminum plate of 99.99% of purity by electric-field polish 
in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0151] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0152] The location which forms a pore formation start point was first defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, pyrene gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Furthermore, the pore formation start point was formed using the 
focused ion beam of 30nm of ion beam and ion current abbreviation 3pA by irradiating a 
focused ion beam so that the non-irradiating location of a focused ion beam may become the 
repeat of the pattern of a honeycomb mostly at intervals of about 150nm, as shown in drawing 10 
(a). The membrane surface containing C is formed in the exposure location of a focused ion 
beam at this time. 

[0153] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution — a 0.3M phosphate water solution — using - a constant 



temperature bath - a solution - 3 degrees C ~ holding - an anodic oxidation electrical potential 
difference ~ about 70 ~ it was referred to as V. 

[0154] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0155] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about 1 50nm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0156] As shown in example 14(a) workpiece preparation drawing 3 (b), what formed about 
200nm aluminum film 12 with resistance heating vacuum deposition was prepared on the quartz 

substrate 13 as a workpiece. 

[0157] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0158] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, pyrene gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Furthermore, the pore formation start point was formed using the 
focused ion beam of 30nm of ion beam and ion current abbreviation 3pA by irradiating a 
focused ion beam so that the non-irradiating location of a focused ion beam may become the 
repeat of the pattern of forward four square shapes mostly at intervals of about 150nm, as shown 
in drawing 10 (b). The membrane surface containing C is formed in the exposure location of a 
focused ion beam at this time. 

[0159] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using - a constant 
temperature bath ~ a solution ~ 3 degrees C - holding - an anodic oxidation electrical potential 
difference — about 60 ~ it was referred to as V. 

[0160] next, a workpiece ~ after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0161] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each pore is formed by the repeat of a **** right 4 square- 
shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0162] The same workpiece as the example 15(a) workpiece preparation example 13 was 
prepared. 

[0163] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0164] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, W(CO) 6 gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Next, the focused ion beam of 30nm of ion beam **** and ion 



current abbreviation 3pA is used. After irradiating a focused ion beam in the shape of Rhine so 
that it may become the repeat of almost parallel Rhine at intervals of about 150nm as shown in 
drawing 10 (c) The pore formation start point was formed in the field surrounded by each Rhine 
by irradiating a focused ion beam in the shape of Rhine so that it may become the repeat of 
Rhine almost parallel to a direction which is different 60 degrees to previous Rhine at intervals 
of about 150nm. The membrane surface containing W is formed in the exposure location of a 
focused ion beam at this time. 

[0165] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution ~ using ~ a constant 
temperature bath - a solution - 3 degrees C holding - an anodic oxidation electrical potential 
difference ~ about 80 — it was referred to as V. 

[0166] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0167] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 170nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0168] Example 16 this example is an example which manufactured the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0169] (a) Using the same approach as (a) and (b) of the formation process example 13 of 
workpiece preparation and (b) pore formation start point, after preparing a workpiece, the pore 
formation start point was formed in the workpiece.. 

[0170] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution - using — a constant 
temperature bath ~ a solution - 3 degrees C ~ holding ~ an anodic oxidation electrical potential 
difference — about 70 — it was referred to as V. 

[01 71] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6 . The membrane 
surface 14 was removed by carrying out Ar ion etching of the workpiece as first shown in 
drawing 9 (c) ((a) of drawing 6 ). Next, the part of the bulk 1 1 of aluminum of a workpiece was 
removed by dipping a workpiece in the HgC12 saturated solution ((b) of drawing 6 ). next, a 
workpiece - 5wt(s)% - while removing the barrier layer 4 by dipping between 30min into a 
phosphoric-acid solution, by extending the path of pore, the nano structure which has the 
penetration pore 5 was manufactured ((c) of drawing 6 ). 
[0172] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0173] Example 17 this example is an example which was filled up with the metal in pore and 
manufactured the nano structure (quantum wire), using as mold the nano structure which has the 
pore formed by anodic oxidation. 

[0174] (a) As shown in a detail at (a) of workpiece preparation drawing 7 , after forming Ti film 
used as pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 



13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of about SOOnm 

with resistance heating vacuum deposition further was prepared as a workpiece 1 . 

[0175] (b) The pore formation start point was formed in the workpiece using the same approach 

as (b) of the formation process example 13 of a pore formation start point 

[0176] (c) The path of pore was extended after formmg pore in a workpiece using the same 

approach as (c) of the formation process example 13 of pore ((b) of drawing 7 ). It was able to 

check that anodic oxidation had reached to pore trailer material by reduction in a current value 

here at the time of anodic oxidation. 

[0177] (d) When the metal packer into pore performed nickel metal electrodeposition more next, 
it was filled up with the filler 6 in pore ((c) of drawing 7 ). nickel was deposited in the nano hole 
by nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electrolytic solution which consists of 0.14MNiSO4 and 0.5MH3BO3. 
[01 78] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about 150nm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[0179] When the workpiece after nickel restoration was furthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[0180] As shown in example 18(a) workpiece preparation drawing 9 (a), what performed mirror 
plane processing for the front face of aluminum plate of 99.99% of purity by electric-field polish 
in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0181] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0182] First, the location which forms a pore formation start point was defined using the 
secondary electron observation fiinction of electron beam irradiation equipment attachment. Next, 
pyrene gas was introduced in electron beam irradiation equipment as gas for membrane surface 
formation. Furthermore, the pore formation start point was formed using the electron beam with 
a beam diameter of about lOnm by irradiating an electron beam so that the non-irradiating 
location of an electron beam may become the repeat of the pattern of a honeycomb mostly at 
intervals of about 150nm, as shown in drawing 10 (a). The membrane surface containing C is 
formed in the exposure location of an electron beam at this time. 

[0183] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution - using - a constant 
temperature bath - a solution ~ 3 degrees C ~ holding ~ an anodic oxidation electrical potential 
difference ~ about 70 - it was referred to as V. 

[0184] next, a workpiece - after [ anodizing ] and 5wt% ~ the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0185] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about 150nm, and, as for each pore, it was checked 



that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0186] As shown in example 19(a) workplace preparation drawing 9 (a), what formed aluminum 
film with a thickness of about 200nm with resistance heating vacuum deposition was prepared on 
the quartz substrate as a workpiece. 

[0187] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[01 88] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
pyrene gas was introduced in electron beam irradiation equipment as gas for membrane surface 
formation. Furthermore, the pore formation start point was formed using the electron beam with 
a beam diameter of about lOnm by irradiating an electron beam so that the non-irradiating 
location of an electron beam may become the repeat of the pattern of forward four square shapes 
mostly at intervals of about 150nm, as shown in drawing 10 (b). The membrane surface 
containing C is formed in the exposure location of an electron beam at this time. 
[0189] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using — a constant 
temperature bath ~ a solution - 3 degrees C ~ holding - an anodic oxidation electrical potential 
difference ~ about 60 ~ it was referred to as V. 

[0190] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0191] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0192] The same workpiece as the example 20(a) workpiece preparation example 18 was 
prepared. 

[0193] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0194] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
W(CO) 6 gas was introduced in electron beam irradiation equipment as gas for membrane 
surface formation. Next, the pore formation start point was formed in the field surrounded by 
each Rhine by irradiating an electron beam at the shape of Rhine so that it may become the 
repeat of Rhine almost parallel to a direction which is different 60 degrees to previous Rhine 
after irradiating an electron beam at the shape of Rhine so that it may become the repeat of Rhine 
almost parallel at intervals of about 150nm, as shown in drawing 10 (c) using an electron beam 
with a beam diameter of about lOnm at intervals of about 150nm. The membrane surface 
containing W is formed in the exposure location of an electron beam at this time. 
[0195] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 



the acid electrolytic solution ~ a 0.3M phosphate water solution - using ~ a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 80 — it was referred to as V. 

[0196] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0197] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 170nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0198] Example 21 this example is an example which manufactured the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0199] (a) Using the same approach as (a) and (b) of the formation process example 18 of 
workpiece preparation and (b) pore formation start point, after preparing a workpiece, the pore 
formation start point was formed in the workpiece. 

[0200] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution ~ using ~ a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference ~ about 70 - it was referred to as V. 

[0201] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6. The membrane 
surface 14 was removed by carrying out Ar ion etching of the workpiece as first shown in (c) of 
drawing 9 ((a) of drawing 6). Next, the part of the bulk 1 1 of aluminum of a workpiece was 
removed by dipping a workpiece in the HgC12 saturated solution ((b) of drawing 6). next, a 
workpiece - 5wt(s)% ~ while removing the barrier layer 4 by dipping between 30min into a 
phosphoric-acid solution, by extending the path of pore, the nano structure which has the 
penetration pore 5 was manufactured ((c) of drawing 6). 
[0202] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0203] Example 22 this example is an example which was filled up with the metal in pore and 
manufactured the nano structure (quantum wire), using as mold the nano structure which has the 
pore formed by anodic oxidation. 

[0204] (a) As shown in a detail at (a) of workpiece preparation drawing 7, after forming Ti film 

used as pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 

13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of about 500nm 

with resistance heating vacuum deposition ftirther was prepared as a workpiece 1 . 

[0205] (b) The pore formation start point was formed in the workpiece using the same approach 

as (b) of the formation process example 18 of a pore formation start point. 

[0206] (c) The path of pore was extended after forming pore in a workpiece using the same 

approach as (c) of the formation process example 1 8 of pore ((b) of drawing 7). It was able to 

check that anodic oxidation had reached to pore trailer material by reduction in a current value 

here at the time of anodic oxidation. 

[0207] (d) When the metal packer into pore performed nickel metal electrodeposition more next. 



it was filled up with the filler 6 in pore ((c) of drawing 7). nickel restoration - 0.14MNiSO4 and 
0.5MHBO3 from - nickel was deposited in the nano hole by being dipped and electrodeposited 
with the counterelectrode of nickel in the becoming electrolytic solution. 
[0208] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about 150nm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[0209] When the workpiece after nickel restoration was fiirthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 
[0210] 

[Effect of the Invention] As explained above, there is the following effectiveness in this 
invention. 

(1) Control of the array of pore, spacing, a location, a direction, etc. is possible, and it becomes 
possible to produce the nano structure (anodic oxidation alumina) which has the pore by which 
the pore excellent in linearity has been arranged regularly, and pore. 

(2) the workpiece which has irregularity in a front face since particle radiation is used for 
formation of a pore formation start point - also receiving - a pore formation start point ~ 
homogeneity — it can form highly. 

[021 1] (3) Since it is not necessary to put a pressure on a workpiece when forming a pore 
formation start point, since particle radiation is used for formation of a pore formation start point, 
a mechanical strength can apply also to the workpiece which is not strong. 
(4) Even when the film is formed in a workpiece front face, it is possible to remove said film 
partially and to form a pore formation start point in said film by irradiating a corpuscular ray. 
[0212] (5) Since corpuscular ray irradiation equipment is used, it is easy to position a pattern 
with high precision using an attached secondary electron image observation function etc. 
(6) Since corpuscular ray irradiation equipment is used, a pore formation start point can be 
formed by straight-writing. Therefore, the process resist spreading required for stamper 
manufacture etc., electron beam exposure, and time-consuming [ like resist removal ] is 
unnecessary, and it is possible to form a pore formation start point for a short time. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of the nano structure 
and the nano structure which have available pore in the large range especially as functional 
materials, such as an electron device, and an optical device, a micro device, a structural material, 
etc. about the structure which has the pore and this pore which were manufactured by the 
manufacture approach of pore, and the list by this manufacture approach. 

PRIOR ART ~~ 



[Description of the Prior Art] In a metal and the thin film of a semi-conductor, a thin line, and a 
dot, there is a unique thing for which electric, optical, and chemical property are shown by 
shutting up a motion of an electron in size smaller than a certain characteristic die length. The 



interest about the ingredient (nano structure) which has structure more detailed than several 
lOOnm as high-performance material from such a viewpoint is increasing. 
[0003] As the manufacture approach of such the nano structure, photolithography is begun and 
the method of manufacturing the nano structure directly with semi-conductor processing 
techniques including detailed pattern formation techniques, such as electron beam lithography 
and X-ray lithography, is mentioned, for example. 

[0004] Moreover, the attempt which is going to realize the new nano structure is in the base in 
the regular structure formed automatically, i.e., the structure formed in a self-regulation target, 
besides such a manufacture approach. Since such technique may be able to manufacture the 
detailed and special structure which turns around the conventional approach a top depending on 
the fine structure used as the base, many researches are beginning to be done. 
[0005] The anodic oxidation which can manufacture easily the nano structure which has the pore 
of nano size with sufficient control as such self-regular technique is mentioned. For example, the 
anodic oxidation alumina which manufactures aluminum and its alloy by anodizing in an acidic 
bath is known. 

[0006] If aluminum plate is anodized in an acid electrolyte, a porosity oxide film will be formed 
(for example, reference, such as R.C.Fumeaux, W.R.Rigby& A.P.Davids, "NATURE", Vol.337, 
and P147 (1989)). The very detailed cylindrical pore (nano hole) whose diameter is several nm - 
hundreds of nm has the description of this porosity oxide film in having the specific geometric 
structure of arranging in parallel at intervals of several nm - hundreds of nm (cell size). The pore 
of the shape of this cylinder has a high aspect ratio, and is excellent also in the uniformity of the 
path of a cross section. Moreover, when the path and spacing of this pore adjust the current in the 
case of anodic oxidation, and an electrical potential difference, the thickness of an oxide film and 
the depth of pore are controlling the time amount of anodic oxidation, and a certain amount of 
control is possible for them. 

[0007] Moreover, the method of performing two steps of anodic oxidation, in order to improve 
the perpendicularity, the linearity, and the independence of pore, Namely, once removing the 
porosity oxide film anodized and formed, it anodizes again. The method of manufacturing the 
pore which shows better perpendicularity, linearity, and an independence is proposed 
("JpnJoumal of Applied Phisics" , Vol.35, Part2, No.lB, pp.L126-L129, 1 January 15, 996 issue). 
Here, this approach uses that the hollow of the front face of the aluminum plate made when 
removing the anodic oxide film formed by the first anodic oxidation serves as a pore formation 
start point of the 2nd anodic oxidation. 

[0008] Furthermore, it anodizes, after forming the hollow which forces the approach of using a 
stamper and forming a pore formation start point in order to improve the controllability of the 
configuration of pore, spacing, and a pattern, i.e., the substrate which equipped the front face 
with two or more projections, on the surface of an aluminum plate, and can do it as a pore 
formation start point, and the method of manufacturing the pore which shows the controllability 
of a better configuration, spacing, and a pattern is also proposed (JP,10-121292,A). 
[0009] Various application which paid its attention to the specific geometrical structure of this 
anodic oxidation alumina is tried. Although the description by Masuda is detailed, an application 
is listed hereafter. For example, there are application as a coat using the abrasion resistance of an 
oxide film on anode and insulation-proof and application of fill TAHE which exfoliates a coat. 
Furthermore, various application including coloring, a magnetic-recording medium, EL light 
emitting device, an electrochromic element, an optical element, a solar battery, and a gas sensor 
is tried from using the technique filled up with a metal, a semi-conductor, etc. in a nano hole, aiid 



the replica technique of a nano hole. Furthermore, the application to the directions of many, such 
as the quantum effectiveness devices, such as quantum wire and an MIM component, and a 
molecule sensor using a nano hole as a chemical reaction place, is expected (Masuda" solid-state 

physics", 31,493 (1996)). 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, there is the following effectiveness in this 
invention. 

(1) Control of the array of pore, spacing, a location, a direction, etc. is possible, and it becomes 
possible to produce the nano structure (anodic oxidation alumina) which has the pore by which 
the pore excellent in linearity has been arranged regularly, and pore. 

(2) the workpiece which has irregularity in a front face since particle radiation is used for 
formation of a pore formation start point — also receiving — a pore formation start point ~ 
homogeneity — it can form highly. 

[021 1] (3) Since it is not necessary to put a pressure on a workpiece when forming a pore 
formation start point, since particle radiation is used for formation of a pore formation start point, 
a mechanical strength can apply also to the workpiece which is not strong. 
(4) Even when the film is formed in a workpiece front face, it is possible to remove said film 
partially and to form a pore formation start point in said film by irradiating a corpuscular ray. 
[0212] (5) Since corpuscular ray irradiation equipment is used, it is easy to position a pattern 
with high precision using an attached secondary electron image observation function etc. 
(6) Since corpuscular ray irradiation equipment is used, a pore formation start point can be 
formed by straight-writing. Therefore, the process resist spreading required for stamper 
manufacture etc., electron beam exposure, and time-consuming [ like resist removal ] is 
unnecessary, and it is possible to form a pore formation start point for a short time. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The manufacture approach of the direct nano 
structure by the semi-conductor processing technique expressed previously and pore has 
problems, like the badness of the yield and the cost of equipment are high, and technique which 
can be manufactured with sufficient repeatability by simple technique is desired. 
[001 1] Since the technique of anodic oxidation from such a viewpoint can manufacture the nano 
structure and pore with sufficient control comparatively easily, it is desirable. 
[0012] However, although many techniques in which the pore object manufactured only by the 
usual anodic oxidation controlled the configuration of the pore and a pattern were developed, 
there was a limitation in the control. As control in anodic oxidation, the thing controllable to 
some extent is known [ depth / of pore / pole diameter ] for time amount in pore spacing on the 
anodic oxidation electrical potential difference at pore wide processing. Furthermore, the 
example which manufactured the regulation-ized nano hole arranged in the shape of a 
honeycomb by anodizing under suitable anodic oxidation conditions by Masuda and others as an 
example which controlled the array of pore is reported. However, in this regulation-ized nano 
hole, there were technical problems, like there is a limit to be anodized [ of long duration ] in 
spacing of the pore which can be manufactured. 

[0013] Moreover, in the approach of performing two steps of anodic oxidation, although the 



perpendicularity, the rectilinear-propagation nature, and the independence of pore have improved 
and the good parts of spacing of pore and the controllability of a pattern also existed still more 
nearly locally, when seen on the whole, spacing and the pattern of pore had the technical 
problem that these controllabilities were not good rather than were fixed. 
[0014] In the approach of furthermore forming a pore formation start point using a stamper, the 
controllability of the configuration of pore, spacing, and a pattern had the technical problem 
which is described below, although improved. 

(1) Since the stamper is used, it is difficult to form a pore formation start point in a front face to 
an irregular workpiece at homogeneity. 

(2) Since there is risk of a worlq)iece being destroyed to the workpiece whose mechanical 
strength is not strong since it is necessary to put a pressure on a workpiece at the time of stamper 
use, application is difficult. 

[0015] (3) Since it is difficult to expose aluminum on a front face to a workpiece by which the 
film was formed in the aluminum front face since compression by the stamper is used, it is 
difficult to make a stamp location into a pore formation start point. 

(4) It is not easy to have to use a hydraulic press at the time of use of a stamper, and to position a 
pattern with high precision. 

(5) It is not easy for manufacture of a stamper to manufacture without a defect the stamper which 
must use ultra-fine processing technology time-consuming [ like electron beam lithography ], 
and has the projection of uniform high density for a short time. 

[0016] The purpose of this invention is to solve these technical problems. That is, the purpose of 
this invention is offering the technique which controls the configuration of pore, spacing, a 
pattern, a location, a direction, etc. in the structure which has the pore and pore which are 
manufactured by anodic oxidation. 

[0017] It is providing coincidence with the technique which can be manufactured in a short time 
easily possible [ highly precise control of a pattern location ], without receiving constraint of 
existence of the film of the gestalt of a workpiece, for example, surface irregularity, a mechanical 
strength, and a front face etc. in this invention. 

[0018] It is using as the base the nano structure which has the pore furthermore manufactured 
with the application of this technique, indicating the new nano structure and a nano structure 
device, and making use possible for a nano hole in directions various as a functional material. 



MEANS 



[Means for Solving the Problem] Then, the manufacture approach of the pore of this invention is 
characterized by having the process which irradiates a corpuscular ray at a workpiece, and the 
process which forms pore more at said workpiece for anodizing the workpiece which irradiated 
said corpuscular ray. 

[0020] This invention is characterized also by said corpuscular ray being a charged particle beam 
again. Moreover, said corpuscular ray is characterized also by being a focused ion beam or an 
electron beam. 

[0021] This invention is characterized by being the process which removes said film 
alternatively again by irradiating said corpuscular ray at the film with which the process which 
irradiates said corpuscular ray controls the anodic oxidation arranged on the front face of said 
workpiece. 

[0022] This invention is characterized by being the process which forms in the front face of said 



workpiece alternatively the film which controls anodic oxidation again from the raw material 
contained in the ambient atmosphere in which the processes which irradiate said corpuscular ray 
surround said workpiece. 

[0023] According to this invention, pore can be formed in the location of said pore formation 
start point by irradiating a corpuscular ray at a workpiece, and being able to form a pore 
formation start point in a desired location, consequently anodizing a workpiece. For this reason, 
according to this invention, control of the array of the pore of the structure of a nano meter scale, 
spacing, a location, a direction, etc. is possible. 

[0024] the workpiece which has irregularity in a front face since the manufacture approach of 
this invention uses the exposure of a corpuscular ray for formation of a pore formation start point 
at coincidence - also receiving - a pore formation start point - homogeneity ~ forming highly 
is easy. 

[0025] Moreover, since it does not need to put a pressure on a workpiece when forming a pore 
formation start point, since the manufacture approach of this invention uses the exposure of a 
corpuscular ray for formation of a pore formation start point, a mechanical strength can apply it 
also to the workpiece which is not strong. 

[0026] Moreover, even when the film is formed in a workpiece front face, the manufacture 
approach of this invention is irradiating a corpuscular ray at said film, and said film is removed 
partially and it can form a pore formation start point. 

[0027] Moreover, since the manufacture approach of this invention uses corpuscular ray 
irradiation equipment, it is easy the approach to position a pattern with high precision using an 
attached secondary electron image observation fiinction etc. 

[0028] Furthermore, since the manufacture approach of this invention uses corpuscular ray 
irradiation equipment, it can form a pore formation start point by straight-v^iting. Therefore, the 
process resist spreading required for stamper manufacture etc., electron beam exposure, and 
time-consuming [ like resist removal ] is unnecessary, and it is possible to form a pore formation 
start point for a short time. 
[0029] 

[Embodiment of the Livention] Hereafter, the manufacture approach of the structure which has 
the pore of this invention and pore is mainly explained using drawing 1 . Drawing 1 is process 
drawing showing an example of the manufacture approach of the nano structure of this invention. 
Following process (a) - (c) mainly corresponds to (a) - (c) of drawing 1 . 
[0030] (a) Prepare the workpiece 1 which forms preparation **** of a workpiece, and pore. 
Although the member which uses aluminum as a principal component is mentioned as a what 
workpiece this invention can be desirable and can apply, if it is the quality of the material in 
which the pore formation by anodic oxidation is possible, it will not be limited especially. For 
example, the member which uses Si, InP, or GaAs as a principal component can be used as a 
workpiece of this invention. 

[0031] The example of the gestalt of the workpiece which this invention can be desirable and can 
apply is shown in (a) - (d) of drawing 3 . The bulk 1 1 which uses aluminum as shown in drawing 
3 (a) as a principal component as an example of the 1st gestalt is mentioned. Moreover, in the 
bulk 1 1 which uses aluminum as a principal component, in order to give smooth nature to a front 
face, even if it is not necessarily required to perform mirror-polishing processing and some 
surface irregularity exists, this invention is applicable. 

[0032] Next, what formed the film 12 which uses aluminum as a principal component on the 
base 13 as shown in (b) of drawing 3 as an example of the 2nd gestalt is mentioned. At this time, 



the thing in which the film of one or more layers was formed on substrates, such as insulator 
substrates and silicon including quartz glass, and semi-conductor substrates including gallium 
arsenide, and these substrates is mentioned as a base 13. However, if there is no un-arranging in 
the pore formation by anodic oxidation of the film 12 which uses aluminum as a principal 
component, the quality of the material of a base 13, thickness, especially a mechanical strength, 
etc. will not be limited. For example, if what formed the film of pore formation terminal point 
members, such as Ti and Nb, on the substrate as a base 13 is used, it will also become possible to 
raise the homogeneity of the depth of pore. Moreover, as for the membrane formation approach 
of the film 12 which carries out a principal component, the membrane formation approach of 
arbitration including resistance heating vacuum evaporationo, EB vacuum evaporationo, a spatter, 
and CVD can apply aluminum. Moreover, in the film 12 which uses aluminum as a principal 
component, even if the surface irregularity resulting from existence of a grain etc. exists, this 
invention is applicable. 

[0033] Next, what formed the membrane surface 14 in the thing ( drawing 3 (c)) which formed 
the membrane surface 14 in the bulk 1 1 which uses aluminum as a principal component as an 
example of the 3rd gestalt, or the thing which formed in base top 13 the film 12 which uses 
aluminum as a principal component ( drawing 3 (d)) is mentioned. Although an insulator, bulb 
metals (Nb, Ti, Ta, Zr, Hf, etc.), or C is mentioned, for example, if it is the quality of the material 
which is not inconvenient to the pore formation by anodic oxidation as the quality of the material 
of the membrane surface 14 formed in a front face at this time, it will not be limited especially. 
[0034] Moreover, although not only the film of a monolayer but the film more than two-layer is 
mentioned as a membrane surface 14, if there is no un-arranging in the pore formation by anodic 
oxidation, neither the quality of the material of each layer nor especially its combination will be 
limited. For example, as shown in drawing 8 (a), in the case of the workpiece which is the two- 
layer film which is the conductive film 17 which the membrane surface 14 formed the insulator 
film 18 and on it, the manufactured nano structure becomes like drawing 8 (c), but it also 
becomes possible to apply the nano structure manufactured by using the conductive film on the 
top face of the maximum as a microelectronic device. Moreover, in a membrane surface 14, even 
if the surface irregularity resulting from existence of a grain etc. exists, this invention is 
applicable. 

[0035] Although what has what [ not only / tabular ] is smooth as a configuration of the 
workpiece of this invention but a curved surface, the thing which has a certain amount of 
irregularity and level difference on a front face are mentioned, if there is no un-arranging in the 
pore formation by anodic oxidation, it will not be limited especially. 

[0036] (b) It is irradiating a corpuscular ray 10 (their being a focused ion beam and an electron 
beam as a concrete example) at the formation process above-mentioned workpiece 1 of a pore 
formation start point, and form the pore formation start point 2 in a desired location. 
[0037] A setup of the exposure location of the corpuscular ray to a workpiece can be carried out 
by being easily highly precise by using the observation means attached to corpuscular ray 
irradiation equipment. 

[0038] The method of detecting the secondary electron generated especially as this observation 
means when corpuscular rays, such as a focused ion beam and an electron beam, are scanned on 
a sample, and obtaining a scan image is mentioned. By this approach, a corpuscular ray will be 
irradiated at a workpiece at the time of observation. However, it is possible for the effect of the 
particle radiation at the time of setting up the patterning location of a workpiece to be 
substantially disregarded by obtaining a scan image using the corpuscular ray of an amount small 



enough. 

[0039] The approach of scanning the corpuscular ray itself and moving an exposure location as 
an approach of moving the exposure location of a corpuscular ray, the method of moving a 
workpiece, or the approach of combining the both is mentioned. Although the method of moving 
the corpuscular ray itself here is rational in equipment, since a movable distance has a limit, it is 
thought that the approach of combining both is suitable to form a pore formation start point in a 
large area and high density. Moreover, if the sample stage in which highly precise position 
control is possible also about the approach of moving a workpiece is used, it is possible to apply 
this invention, 

[0040] Next, the example of the formation approach of the pore formation start point by the 
particle radiation of this invention is explained using drawing 4 , drawing 1 0 , and drawing 1 1 . 
At this time, drawing 4 (a), drawing 4 (c), drawing 10 (a), drawing 10 (c), and drawing 1 1 (a) are 
the examples which formed the pore formation start point in the shape of a honeycomb mostly. 
Moreover, drawing 4 (b), drawing 4 (d), drawing 10 (b), drawing 10 (d), and drawing 1 1 (b) are 
the examples which formed the pore formation start point in the shape of forward 4 square shape 
mostly. Although various examples can be considered besides the example shown here, if there 
is no un-arranging in the pore formation by anodic oxidation, it will not be limited especially. 
[0041] When it roughly divides, there are the following three approaches among the formation 
approaches of the pore formation start point by the particle radiation of this invention, a primary 
method is irradiating a corpuscular ray on a workpiece front face, and is physical in a workpiece 
front face ~ and ~ or it is the approach of making it changing chemically. 
[0042] And the second approach is the approach of removing a mask partially by irradiating a 
corpuscular ray on the mask (film which controls anodic oxidation) formed in the workpiece 
front face, making expose the front face of a workpiece partially, and making that a pore 
formation start point. 

[0043] Furthermore, the third approach is irradiating a corpuscular ray on a workpiece front face, 
and is the approach of forming in a workpiece front face a mask (film which controls anodic 
oxidation) around a part making into a pore formation start point from the raw material which 
exists in the ambient atmosphere which surround a workpiece. 

[0044] First, a primary method is explained. There are an approach of irradiating a corpuscular 
ray alternatively only in a location making into a pore formation start point and the approach of 
forming a pore formation start point with the difference of the exposure, although a corpuscular 
ray is irradiated besides a location to make into a pore formation start point at a primary method. 
[0045] It is the approach ( drawing 4 (a), (b)) of irradiating a corpuscular ray only in a location 
making into the above and a pore formation start point as an example of the approach of 
irradiating a corpuscular ray alternatively at a workpiece at the field of plurality [ shape / of a dot 
(circle) ], for example. By the approach shovm in drawing 4 (a) and (b), after making a 
corpuscular ray stay at a certain dot location 31, it repeats moving to the dot location 31 of a 
degree and making a corpuscular ray stay, and it is performed. A pore formation start point can 
be formed in the field to which the corpuscular ray was irradiated by doing in this way. It is 
possible by shortening transit time between dots very much compared with the residence time in 
a dot location to lose substantially the effect of the particle radiation in the case of migration 
between dots to stop a corpuscular ray here at the time of migration between dots. 
[0046] moreover — as the example of the approach of forming a pore formation start point with 
the difference of the exposure of the above-mentioned corpuscular ray - a workpiece - a 
corpuscular ray - the shape of Rhine - and there is the approach ( drawing 4 (c), (d)) of 



irradiating so that an intersection may be formed. This approach is irradiating a corpuscular ray 
in the shape of Rhine in the different direction at a workpiece, and forms at least the part 
(intersection) irradiated twice. As shown in drawing 4 (c) and (d), the approach of scanning a 
corpuscular ray in the shape of [ which intersects perpendicularly mutually ] Rhine 32, and 
irradiating it only once is more specifically mentioned. In this approach, since the multiple-times 
exposure of the corpuscular ray is carried out compared with that perimeter on the intersection 
33 of Rhine, a pore formation start point can be formed in the intersection 33 of Rhine. 
[0047] Here, why the part which irradiated the corpuscular ray, or a part with many corpuscular 
ray exposures (count) becomes a pore formation start point is explained below, chemical change 
(presentation change etc.) according to an ion implantation when a focused ion beam is used as a 
corpuscular ray ~ and ~ or it is presumed that the condition of differing from a perimeter is 
formed in a workpiece front face, the singular point at the time of it being anodic oxidation (pore 
formation start point) comes, and anodic oxidation advances by physical change by ion etching. 
[0048] Moreover, as a corpuscular ray, when an electron ray is used, the physical conditions of 
changing, having reached or differing from a perimeter by chemical change (presentation change 
etc.), such as thermal deformation by electron beam exposure, damage generating, and 
evaporation, were formed in the workpiece front face, the singular point at the time of it being 
anodic oxidation (pore formation start point) came, and it is presumed that anodic oxidation 
advances. 

[0049] The above-mentioned manufacture approach is irradiating a corpuscular ray on the 
surface of a workpiece, and makes directly the part which produced and cheated out of a certain 
change a pore formation start point at a workpiece. However, the formation approach of the pore 
formation start point of this invention is not restricted to the above-mentioned approach. 
[0050] Next, the second approach of above mentioned this invention is explained. This approach 
arranges beforehand the film (membrane surface) 14 which controls anodic oxidation on the 
surface of a workpiece, as shown in drawing 3 (c), drawing 3 (d), or drawing 8 (a), a corpuscular 
ray is irradiated, by this, the above-mentioned film is partially removed only in the location of a 
request of this film, and the front face of a workpiece is exposed in it ( drawing 8 (b), drawing 1 1 
(a), (b)). Let the front face of the exposed workpiece be a pore formation start point by this 
approach. As an example of the approach of irradiating a corpuscular ray only in a location 
making into the above and a pore formation start point, the approach ( drawing 1 1 (a), (b)) of 
irradiating a corpuscular ray in the shape of a dot (circle) is mentioned to a workpiece, for 
example. By the approach shown in drawing 1 1 (a) and (b), after making a corpuscular ray stay 
at a certain dot location 37, it repeats moving to the dot location 37 of a degree and making a 
corpuscular ray stay, and it is performed. The field which removed the membrane surface 14 of 
the field where the corpuscular ray was irradiated, was made to expose processing-ed, and was 
exposed by doing in this way can be made into a pore formation start point. It is possible by 
shortening transit time between dots very much compared with the residence time in a dot 
location to lose substantially the effect of the particle radiation in the case of migration between 
dots to stop a corpuscular ray here at the time of migration between dots. 
[0051] Next, the third approach of above mentioned this invention is explained. Contrary to the 
second approach of the above, this approach can arrange the film 14 which controls the anodic 
oxidation described above on the surface of the workpiece only in a desired location by 
irradiating a corpuscular ray to the field of a request of a workpiece in the ambient atmosphere 7 
containing the raw material for forming the film which controls anodic oxidation, as shown in 
drawing 9 (b). And as a result, the front face (fi-ont face of a workpiece in which the film 14 is 



not formed) of the workpiece which is not irradiating the corpuscular ray can be made into a pore 
formation start point ( drawing 10 ). as an example of the formation approach of the pore 
formation start point by this approach, a pore formation start point can be formed by leaving a 
pattern ( drawing 10 (a) and (b) - the shape of a dot (circle), and drawing 10 (c) - **** - the 
shape of a rectangle) making into a pore formation start point, and irradiating the front face 35 of 
the workpiece which remains with a corpuscular ray (d). Especially, it is drawing 10 (c) (d), In 
the shown pattern, a corpuscular ray can be scanned in the shape of Rhine on a workpiece front 
face, and the field 38 surrounded by the film which controls anodic oxidation can be made into a 
pore formation start point by placing the film which controls Rhine-like anodic oxidation and 
arranging spacing. Therefore, since a pore formation start point can be formed simply, it is 
desirable. 

[0052] As film which controls the above-mentioned anodic oxidation, although an insulator is 
mentioned, for example, if it is the ingredient which can control anodic oxidation of a workpiece, 
a conductor or a semi-conductor will also be available. However, ** with desirable removing 
noble metals, in using a conductor in order to anodize to stability. 

[0053] Why the non-irradiating location of the corpuscular ray in the inside of the ambient 
atmosphere containing the raw material for forming the film which controls anodic oxidation 
here becomes a pore formation start point is explained. In a particle-radiation location, the film is 
formed for the above-mentioned raw material on the workpiece of a particle-radiation location of 
a pyrolysis etc. And since the pore formation to the workpiece which exists directly under the 
film is controlled with the formed film, it is presumed that formation (growth) of the pore in 
corpuscular ray a non-irradiating location advances. 

[0054] The ingredient which has a metal as a component is mentioned as the 1st mode of the 
class of raw material for forming the film which controls the above-mentioned anodic oxidation, 
for example, - W - (~ CO -) - six - Mo - (- CO -) - six - like - a metal carbonyl - 
metallurgy - a group - an organic compound - SiCl - four - TiCl - four - ZrCl - four ~ 
TaCl ~ four - MoCl - five - WF - six - etc. - a metal - a halogenide ~ or - SiH ~ four ~ Si 
- two ~ H - six etc. - the gas of metal hydride [ like ] is mentioned. 
[0055] Moreover, as the 2nd mode of the class of raw material for forming the film which 
controls the above-mentioned anodic oxidation, the gas of an organic compound which does not 
contain a metal as a component is mentioned. For example, gas, such as ketones, such as 
hydrocarbon compounds, such as aromatic compounds, such as a pyrene and torr nitril, methane, 
and ethane, and an acetone, is mentioned. However, if there is no un-arranging in the pore 
formation by anodic oxidation, especially the class of gas for membrane surface formation will 
not be restricted. 

[0056] using independently as a usage of the raw material for forming the film which controls 
the above-mentioned anodic oxidation, and Ar, helium and N2 etc. ~ although mixing with gas 
and using etc. is mentioned, especially if there is no un-arranging in the pore formation by anodic 
oxidation, it will not be limited to these. [ moreover, ] 

[0057] When the 1st raw material furthermore mentioned above is used, the film 14 which 
controls the above-mentioned anodic oxidation contains a metal. W (CO) When 6 is used as a 
raw material, the film containing W is formed. On the other hand, the film 14 which controls the 
above-mentioned anodic oxidation when the 2nd above-mentioned raw material is used turns 
into film containing carbon. However, in these film, other elements in an ambient atmosphere 
may be contained as an impurity. 

[0058] Furthermore, as the above-mentioned raw material, in aluminum (CH3)3 and the ambient 



atmosphere 7 containing A1C13, aluminum film is formed on the surface of a workpiece, and 
concavo-convex aluminum is substantially formed in the field of a request of the workpiece 
which uses aluminum as a principal component by irradiating a corpuscular ray. Therefore, the 
crevice (the field which is not irradiating the corpuscular ray, or field with few exposures of a 
corpuscular ray) of aluminum can also be made into a pore formation start point. Therefore, it 
can be considered that aluminum film acts in this case as film which controls anodic oxidation 
substantially. 

[0059] Next, the corpuscular ray used for this invention is explained. When using a focused ion 
beam as a corpuscular ray in this invention, as the ion kind, Ga, Si, germanium, Cs, Nb, Cu, etc. 
which are the liquid metal ion source, O, N, H, helium, Ar which are a source of field ionization 
gas ion, etc. are mentioned. However, if there is no un-arranging in the pore formation by 
anodization, especially the ion kind of a focused ion beam will not be restricted. 
[0060] However, it is desirable to use Ga as an ion kind of a focused ion beam from the reason of 
the ease of dealing with it etc. in the ease of treating in fact. Moreover, if the effectiveness of an 
ion implantation is taken into consideration, an element like noble metals which is hard to 
anodize may not be desirable as an ion kind of the focused ion beam in this invention. However, 
in for performing physical deformation of workpiece front faces, such as ion etching on the front 
face of a workpiece, it is not the limitation in order to form the film 14 for controlling the anodic 
oxidation mentioned above. Moreover, although it changes according to process terms and 
conditions, such as an ion kind and acceleration voltage, about the effectiveness by the ion 
implantation, it is desirable for the element of the ion kind more than Ippm to exist in the pore 
formation start point 

[0061] on the other hand — this invention ~ when using an electron beam as a corpuscular ray to 
kick, it is desirable as the energy to use 1 or more keVs the thing of less than 10 MeV. Therefore, 
as electronic acceleration voltage, a several kV - about several MV thing is mentioned. However, 
if there is no un-arranging in the pore formation by anodization, especially the energy and 
acceleration voltage of an electron beam will not be restricted. However, it is desirable to use 10 
or more keVs the thing of 1 or less MeV as energy of an electron beam from the reasons of the 
repeatability of the configuration of pore etc. in fact. Therefore, lOkV or more IMV or less is 
desirable also as acceleration voltage of an electron beam. 

[0062] Next, the arrangement pattern of a pore formation start point is explained. It is possible to 
form a pore formation start point in the location of arbitration in this invention. Moreover, it is 
not limited especially about spacing and the pattern of a pore formation start point location. 
However, when actual application is taken into consideration, it will form so that it may become 
the repeat of the almost same spacing and a pattern by being required to form in the location of 
the repeat of the almost same spacing and a pattern the nano structure which has pore and pore 
about a pore formation start point in that case. 

[0063] At this time, since there is an inclination for the pattern of pore to become the repeat of a 
honeycomb-like pattern mostly by self-organizing when the member which uses aluminum as a 
principal component as a workpiece in the pore formation by anodic oxidation is used, it is 
desirable to form so that a pore formation start point may become the repeat of a honeycomb-like 
pattern mostly beforehand. This is desirable especially when it is going to form the structure 
which has deep pore. However, since the above-mentioned self-organizing does not happen yet 
when pore is shallow, it is also possible to form so that a pore formation start point may become 
the repeat of the pattern of configurations of arbitration, such as the shape of a square, mostly. 
[0064] Moreover, in the pore formation by anodic oxidation, spacing of pore is controllable by 



process terms and conditions, such as the class of electrolytic solution used for anodic oxidation, 
concentration, temperature and the anodic oxidation electrical-potential-difference impression 
approach, an electrical-potential-difFerence value, and time amount, to some extent. ITierefore, it 
is desirable to form a pore formation start point in spacing of the pore expected from process 
terms and conditions beforehand. For example, it is [0065] experientially between spacing 2R 
(nm) and the anodic oxidation electrical potential differences Va (Volt) of pore. 
[Equation 1] 

2R = 10 + 2Va (S; 1) 

[0066] since there is ****** — the maximum access distance (spacing) 2 of a pore formation 
start point - as the conditions for Rv (nm) and the anodic oxidation electrical potential 
difference Va (Volt) - [0067] 
[Equation 2] 

Va = (2Rv - 10) /2 (^2) 

[0068] Tt is desirable to apply ******** conditions, especially the conditions with which a 
formula 2 is filled in **30% of error range from a formula 2. 

[0069] This is desirable especially when it is going to form the structure which has deep pore and 
deep pore. On the other hand, when the depth of the pore of the workpiece which it is going to 
form is shallow, the constraint specified from the above-mentioned conditions etc. about spacing 
of a pore formation start point becomes loose, 

[0070] As mentioned above, especially spacing (2Rv) of the pore formation start point by this 
invention is not restricted, but when actual application is taken into consideration, 5nm or more 
lOOOnm or less is desirable. 

[0071] Moreover, the intensity distribution of the corpuscular ray which can be used by this 
invention and which was mentioned above are carrying out Gaussian distribution mostly, 
therefore — **** — the particle-radiation field (namely, diameter of a corpuscular ray) which it 
can say and is irradiated to each pore formation start point has a desirable method of not lapping 
with the particle-radiation field (namely, diameter of a corpuscular ray) which irradiates the next 
pore formation start point. Therefore, as a diameter of the corpuscular ray used for processing in 
this invention, it is desirable that it is below spacing of a pore formation start point. Therefore, as 
a diameter of the corpuscular ray used for processing, a thing 500nm or less is desirable. 
[0072] (c) Manufacture the structure which has pore 3 in the pore formation start point 2 by 
performing anodizing to the workpiece 1 in which the pore formation process above-mentioned 
pore formation start point was formed. 

[0073] The outline of the anodic oxidation equipment used for this process is shown in drawing 
5 . It is the ammeter with which one measures a workpiece and the power source to which in a 
constant temperature bath and 42 the electrolytic solution and 44 impress a reaction container, 
and, as for 45, the cathode of Pt plate and 43 impress [41 ] an anodic oxidation electrical 
potential difference among drawing 5 , and 46 measures an anodic oxidation current. Although 
omitted by a diagram, automatic control, the computer to measure are incorporated in the 
electrical potential difference and the current. 

[0074] A workpiece 1 and a cathode 42 are arranged in the electrolytic solution kept constant in 
temperature with the constant temperature bath, and anodic oxidation is performed by impressing 
an electrical potential difference between a sample and a cathode from a power source. 
[0075] Although oxalic acid, phosphoric acid, a sulfuric acid, a chromic-acid solution, etc. are 



mentioned, the electrolytic solution used for anodic oxidation will not be limited especially if 
there is no un-arranging in the pore formation by anodic oxidation. Moreover, terms and 
conditions according to each electrolytic solution, such as an anodic oxidation electrical potential 
difference and temperature, can be suitably set up according to the nano structure to manufacture. 
[0076] By pore wide processing in which the above-mentioned nano structure is furthermore 
dipped into an acid solution (the case of an anodic oxidation alumina for example, phosphoric- 
acid solution), a pole diameter can be extended suitably. It can consider as the structure which 
has the pore of a desired path with acid concentration, the processing time, temperature, etc. 
[0077] An example (anodic oxidation alumina) of the configuration of the structure which has 
the pore of this invention is described in <configuration of the nano structure> drawing 2 . A 
sectional view [ in / drawing 2 (a) and / in drawing 2 (b) / AA line of drawing 2 (a) ] is shown. 
[ a top view ] As for a workpiece and 3, in drawing 2 , 1 is [ pore (nano hole) and 4 ] barrier 
layers. 

[0078] The structure of this invention is explained here, this structure - the cylinder-like pore 3 - 
- having - each pore 3 -- mutual ~ parallel - and it arranges at equal intervals mostly. Several 
nm - hundreds of nm and spacing (cell size) 2R of diameter 2r of pore 3 are several nm - about 
hundreds of nm. the concentration of the electrolytic solution which uses spacing of pore 3, and a 
diameter for the formation conditions of a pore formation start point, or anodic oxidation, 
temperature and the anodic oxidation electrical-potential-difference impression approach, an 
electrical-potential-difference value, and time amount - they are process terms and conditions, 
such as subsequent pore wide processing conditions, further — extent control can be carried out. 
Moreover, depth d (die length) of pore 3 can be controlled by thickness of anodic oxidation time 
amount and aluminum etc., for example, while being lOnm - 100 micrometers, it is. 
[0079] Moreover, according to the manufacture approach of this invention, as shown not only in 
a gestalt but in drawing 6 (c) which was shown in drawing 2 (b) and at which pore has stopped 
on the way like, it can also consider as the structure which has the pore which penetrates a 
workpiece. 

[0080] The nano structure can also be made by using the further above-mentioned nano structure 
as mold or a mask. By embedding functional materials, such as a metal and a semi-conductor, 
into pore as an example of formation of such the nano structure, using as mold the nano structure 
which has pore Although forming quantum wire or forming a quantum dot by vapor-depositing 
functional materials, such as a metal and a semi-conductor, using the nano structure which has 
penetration pore as a mask for vacuum evaporationo is mentioned, it will not be limited 
especially if there is no un-arranging in formation of the nano structure. 
[0081] Here, (c) of drawing 7 shows the example in which quantum wire was formed, by 
embedding a filler 6 into pore 3. 



EXAMPLE 



[Example] An example is raised to below and this invention is explained. 
[0083] As shown in preparation drawing 1 (a) of an example 1 (a) workpiece, what performed 
mirror plane processing for the front face of aluminum plate of 99.99% of purity by electric-field 
polish in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0084] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point 2 was formed in the workpiece. The ion kind of 



focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0085] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, using the focused ion beam of 30nm of ion beam ****, and ion current abbreviation 3pA, 
as shown in drawing 4 (a), the pore formation start point was formed by irradiating a focused ion 
beam in the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a honeycomb 
mostly at intervals of about lOOnm. At this time, the residence time of the focused ion beam in 
each dot location was about 10 msec(s). 

[0086] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution - using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference ~ about 40 - it was referred to as V. 

[0087] next, a workpiece ~ after anodizing ~ 5wt(s)% ~ the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0088] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about lOOnm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0089] As shown in preparation drawing 3 (b) of an example 2 (a) workpiece, what formed 
aluminum film with a thickness of about 200nm with resistance heating vacuum deposition was 
prepared on the quartz substrate as a workpiece. 

[0090] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment Next, using the 
focused ion beam of 30nm of ion beam and ion current abbreviation 3pA, as shown in 
drawing 4 (b), the pore formation start point was formed by irradiating a focused ion beam in the 
shape of a dot at a workpiece, as it becomes the repeat of the pattern of forward four square 
shapes mostly at intervals of about 60nm. At this time, the residence time of the focused ion 
beam in each dot location was about 100 msec(s). 

[0091] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M sulfuric-acid water solution - using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference ~ about 25 ~ it was referred to as V. 

[0092] next, a workpiece - after anodizing 5wt(s)% - the path of pore was extended by 
dipping between 20min into a phosphoric-acid solution. 
[0093] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 40nm, pore spacing is 
about 60nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0094] The same workpiece as the preparation example 1 of an example 3 (a) workpiece was 



prepared. 

[0095] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment. Next, the pore 
formation start point was formed in the intersection of each Rhine by irradiating a focused ion 
beam at the shape of Rhine so that it may become the repeat of Rhine almost parallel to a 
direction which is different 60 degrees to previous Rhine after irradiating a focused ion beam at 
the shape of Rhine so that it may become the repeat of Rhine almost parallel at intervals of about 
lOOnm, as shown in drawing 4 (c) using the focused ion beam of 30nm of ion beam ****, and 
ion current abbreviation 3pA at intervals of about lOOnm. A scanning speed and the count of a 
scan were adjusted so that the sum total of the residence time of the focused ion beam in the 
intersection of Rhine might be set to about 10 msec(s) at this time. 

[0096] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution - using - a constant 
temperature bath - a solution ~ 3 degrees C ~ holding - an anodic oxidation electrical potential 
difference - about 50 - it was referred to as V. 

[0097] next, a workpiece - after anodizing - 5wt(s)% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0098] Evaluation (structure observation) - 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 1 15nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0099] As shown in preparation drawing 8 (a) of an example 4 (a) workpiece, after forming Ti 
film used as about 50nm pore trailer material 15 by the spatter and forming a base 13 on the Si 
substrate 16 What formed about 500nm aluminum film 12 with resistance heating vacuum 
deposition, and formed about 20nm Pt film which is the conductive film 17 in a spatter about 
Si02 about 20nm film which is the insulator film 18 as a membrane surface 14 further by the 
spatter was prepared as a workpiece 1 . 

[0100] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 8 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. The 
location which forms a pore formation start point was first defined using the secondary electron 
observation function of focusing ion beam machining equipment attachment. Next, using the 
focused ion beam of 50nm of ion beam ****, and ion current abbreviation 60pA, as shown in 
drawing 1 1 (a), the pore formation start point was formed by irradiating a focused ion beam in 
the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a honeycomb mostly 
at intervals of about 150nm. At this time, the residence time of the focused ion beam in each dot 
location was about 30 msec(s). 

[0101] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed, the acid electrolytic 
solution - a 0,3M phosphate water solution - using a constant temperature bath - a solution - 



3 degrees C ~ holding ~ an anodic oxidation electrical potential difference - about 70 it was 

referred to as V. It was able to check that anodic oxidation had reached to the pore **** member 

by reduction in a current value here at the time of anodic oxidation. 

[0102] next, a workpiece - after anodizing - 5wt(s)% - the path of pore was extended by 

dipping between 30min into a phosphoric-acid solution (.) (refer to drawing 8 (c)) 

[0103] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter in a membrane surface is 
[ about 70nm and pore spacing of the pole diameter in about 50nm and the alumina film ] about 
150nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb-like 
pattern, and the high nano structure of the regularity of pore is formed. Moreover, when electric 
measurement of a workpiece was performed, it was checked that surface Pt film is insulated by 
holding conductivity and coincidence between surface Pt film and Ti film which is a pore 
terminal point member. 

[0104] Example 5 this example is an example which produced the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0105] (a) Using the same approach as (a) and (b) of preparation of a workpiece, and the 
formation process example 1 of (b) pore formation start point, after preparing a workpiece, the 
pore formation start point was formed in the workpiece. 

[0106] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution - using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 40 — it was referred to as V. 

[0107] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in drawing 6 (a) - (c). The part of the bulk 1 1 
of aluminum of a workpiece was removed by dipping the nano structure as first shown in 
drawing 6 (a) in the HgC12 saturated solution ( drawing 6 (b)). next, a workpiece ~ 5wt(s)% 
while removing the barrier layer 4 by dipping between 30min into a phosphoric-acid solution, by 
extending the path of pore, the nano structure which has the penetration pore 5 was produced 
( drawing 6 (c)). 

[0108] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about lOOnm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0109] Example 6 this example is an example which was filled up with the metal in pore and 
produced the nano structure (quantum wire), using as mold the nano structure which has the pore 
formed by anodic oxidation. 

[0110] (a) As shown in preparation drawing 7 (a) of a workpiece, after forming Ti film used as 

pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 13 on 

the Si substrate 16, what formed the aluminum film 12 with a thickness of about 500nm with 

resistance heating vacuum deposition ftirther was prepared as a workpiece 1 . 

[01 1 1] (b) The pore formation start point was formed in the workpiece using the same approach 

as (b) of an example 1 except the residence time of the focused ion beam in formation process 

each dot location of a pore formation start point being about 1 00 msec(s). 

[0112] (c) The path of pore was extended after forming pore in a workpiece using the same 



approach as (c) of the formation process example 1 of pore ( drawing 7 (b)). It was able to check 
that anodic oxidation had reached to pore trailer material by reduction in a current value here at 
the time of anodic oxidation. 

[0113] (d) When the metal packer into pore performed nickel metal electrodeposition more next, 
it was filled up with the filler 6 in pore ( drawing 7 (c)). nickel was deposited in the nano hole by 
nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electrolytic solution which consists of H3B03 of NiSO 4 and 0.5M of 0.14M. 
[01 14] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about lOOnm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[01 15] When the workpiece after nickel **** was furthermore observed in FE-SEM, pore is 
filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[01 16] The example 1 of the one example comparison of a comparison produced the nano 
structure by the same approach as an example 1 except having not performed the formation 
process of (b) pore formation start point in the example 1. 
[0117] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter was 30-50nm, pore spacing 

was 90-lOOnm, each pore was formed at random and the regularity of pore was low. 

[0118] As shown in preparation drawing 1 (a) of an example 7 (a) workpiece, what performed 

mirror plane processing for the front face of aluminum plate of 99.99% of purity as a workpiece 

by electrolytic polishing in the inside of the mixed solution of perchloric acid and ethanol was 

prepared. 

[0119] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0120] The location which forms a pore formation start point was first defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
using the electron beam with a beam diameter of about lOnm, as shown in drawing 4 (a), the 
pore formation start point was formed by irradiating an electron beam in the shape of a dot at a 
workpiece, as it becomes the repeat of the pattern of a honeycomb mostly at intervals of about 
lOOnm (2Rv). 

[0121] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution - using ~ a constant 
temperature bath a solution - 3 degrees C - holding ~ an anodic oxidation electrical potential 
difference - about 40 - it was referred to as V. 

[0122] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0123] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about lOOnm, and, as for each pore, it was checked 



that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0124] As shown in preparation drawing 3 (b) of an example 8 (a) workpiece, what formed the 
aluminum film 12 with a thickness of about 200nm with resistance heating vacuum deposition 
was prepared on the quartz substrate 13 as a workpiece. 

[0125] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, using the electron beam with a beam 
diameter of about lOnm, as shown in drawing 4 (b), the pore formation start point was formed by 
irradiating an electron beam in the shape of a dot at a workpiece, as it becomes the repeat of the 
pattern of forward four square shapes mostly at intervals of about 60nm (2Rv). 
[0126] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M sulfuric-acid water solution — using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 25 - it was referred to as V. 

[0127] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 20min into a phosphoric-acid solution. 
[0128] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 40nm, pore spacing is 
about 60nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0129] The same workpiece as the preparation example 7 of an example 9 (a) workpiece was 
prepared. 

[0130] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 1 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, the pore formation start point was formed 
in the intersection of each Rhine by irradiating an electron beam at the shape of Rhine so that it 
may become the repeat of Rhine almost parallel to a direction which is different 60 degrees to 
previous Rhine after irradiating an electron beam at the shape of Rhine so that it may become the 
repeat of Rhine almost parallel at intervals of about lOOnm, as shown in drawing 4 (c) using an 
electron beam with a beam diameter of about 30nm at intervals of about lOOnm. 
[0131] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution - a 0.3M oxalic acid water solution — using — a constant 
temperature bath - a solution - 3 degrees C - holding ~ an anodic oxidation electrical potential 
difference — about 50 — it was referred to as V. 

[0132] next, a workpiece ~ after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0133] Evaluation (structure observation) 



When the workpiece was observed in FE-SEM, a pole diameter is about SOnm, pore spacing is 
about 1 15nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0134] As shown in a detail at (a) of preparation drawing 8 of an example 10 (a) workpiece After 
forming Ti film used as a pore terminal point member 1 5 with a thickness of about 50nm by the 
spatter and forming a base 13 on the Si substrate 16 Si02 with a thickness of about 20nm which 
the aluminum film 12 with a thickness of about 500nm is formed with resistance heating vacuum 
deposition, and is the insulator film 1 8 as a membrane surface 14 further What formed Pt film 
with a thickness of about 20nm which is the conductive film 1 7 in a spatter about the film by the 
spatter was prepared as a workpiece 1 . 

[0135] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 8 (b), the pore formation start point 2 was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. The location which forms a pore 
formation start point was first defined using the secondary electron observation function of 
electron beam irradiation equipment attachment. Next, using the electron beam of lOnm of ion 
beam ****, as shown in drawing 1 1 (a), the pore formation start point was formed by irradiating 
an electron beam in the shape of a dot at a workpiece, as it becomes the repeat of the pattern of a 
honeycomb mostly at intervals of about 150nm. 

[0136] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed, the acid electrolytic 
solution - a 0.3M phosphate water solution - using - a constant temperature bath - a solution - 
3 degrees C ~ holding - an anodic oxidation electrical potential difference about 70 - it was 
referred to as V. It was able to check that anodic oxidation had reached to the pore terminal point 
member by reduction in a current value here at the time of anodic oxidation. 
[0137] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution (.) (refer to drawing 8 (c)) 
[0138] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, the pole diameter in a membrane surface is 
[ about 70nm and pore spacing of the pole diameter in about 50nm and the alumina film ] about 
150nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb-like 
pattern, and the high nano structure of the regularity of pore is formed. Moreover, when electric 
measurement of a workpiece was performed, it was checked that surface Pt film is insulated by 
holding conductivity and coincidence between surface Pt film and Ti film which is a pore 
terminal point member. 

[0139] Example 1 1 this example is an example which manufactured the structure which has the 
penetrated pore, (a) The same approach as (a) and (b) of an example 7 was used for preparation 
of a workpiece, and the formation process of (b) pore formation start point 
[0140] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 1 (c). 
the acid electrolytic solution — a 0.3M oxalic acid water solution — using — a constant 
temperature bath ~ a solution ~ 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 40 — it was referred to as V. 

[0141] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6 . The part of the 
bulk 1 1 of aluminum of a workpiece was removed by dipping the nano structure as first shown in 



(a) of drawing 6 in the HgC12 saturated solution ((b) of drawing 6 ). next, a workpiece - 
5wt(s)% - while removing the barrier layer 4 by dipping between 30min into a phosphoric-acid 
solution, by extending the path of pore, tfie nano structure which has the penetration pore 5 was 
manufactured ((c) of drawing 6 ). 
[0142] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about lOOnm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0143] Example 12 this example is an example which was filled up with the metal in pore as 
mold formed by anodic oxidation, and manufactured the nano structure (quantum wire). 
[0144] (a) As shown in a detail at (a) of preparation drawing 7 of a workpiece, after forming Ti 
film used as a pore terminal point member 15 with a thickness of about 50nm by the spatter and 
forming a base 13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of 
about 500nm with resistance heating vacuum deposition further was prepared as a workpiece 1. 
[0145] (b) The pore formation start point was formed in the workpiece using the same approach 
as (b) of the formation process example 7 of a pore formation start point. 
[0146] (c) The path of pore was extended after forming pore in a workpiece using the same 
approach as (c) of the formation process example 7 of pore ((b) of drawing 7 ). It was able to 
check that anodic oxidation had reached to the pore terminal point member by reduction in a 
current value here at the time of anodic oxidation. 

[0147] (d) When the metal packer into pore next performed nickel metal electrodeposition, it was 
filled up with the filler 6 in pore ((c) of drawing 7 ). nickel was deposited in the nano hole by 
nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electrolytic solution which consists of H3B03 of NiSO 4 and 0.5M of 0.14M. 
[0148] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about lOOnm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to a pore terminal point member, and 
the die length of pore was controlled by arranging a pore terminal point member. 
[0149] When the workpiece after nickel restoration was furthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[0150] As shown in example 13(a) workpiece preparation drawing 9 (a), what performed mirror 
plane processing for the front face of aluminum plate of 99.99% of purity by electric-field polish 
in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0151] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0152] The location which forms a pore formation start point was first defined using the 
secondary electron observation fiinction of focusing ion beam machining equipment attachment. 
Next, pyrene gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Furthermore, the pore formation start point was formed using the 
focused ion beam of 30nm of ion beam ****, and ion current abbreviation 3pA by irradiating a 



focused ion beam so that the non-irradiating location of a focused ion beam may become the 
repeat of the pattern of a honeycomb mostly at intervals of about 150nm, as shown in drawing 10 
(a). The membrane surface containing C is formed in the exposure location of a focused ion 
beam at this time. 

[0153] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution — using - a constant 
temperature bath a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference ~ about 70 ~ it was referred to as V. 

[0154] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0155] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about 150nm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0156] As shown in example 14(a) workpiece preparation drawing 3 (b), what formed about 
200nm aluminum film 12 with resistance heating vacuum deposition was prepared on the quartz 
substrate 13 as a workpiece. 

[0157] (b) The focused ion beam exposure was performed to the workpiece using the formation 
process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0158] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, pyrene gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Furthermore, the pore formation start point was formed using the 
focused ion beam of 30nm of ion beam ****, and ion current abbreviation 3pA by irradiating a 
focused ion beam so that the non-irradiating location of a focused ion beam may become the 
repeat of the pattern of forward four square shapes mostly at intervals of about 150nm, as shown 
in drawing 10 (b). The membrane surface containing C is formed in the exposure location of a 
focused ion beam at this time. 

[0159] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using - a constant 
temperature bath ~ a solution 3 degrees C ~ holding ~ an anodic oxidation electrical potential 
difference — about 60 ~ it was referred to as V. 

[0160] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0161] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each pore is formed by the repeat of a **** right 4 square- 
shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0162] The same workpiece as the example 15(a) workpiece preparation example 13 was 
prepared. 

[0163] (b) The focused ion beam exposure was performed to the workpiece using the formation 



process focusing ion beam machining equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The ion kind of 
focusing ion beam machining equipment is Ga, and acceleration voltage is 30kV here. 
[0164] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of focusing ion beam machining equipment attachment. 
Next, W(CO) 6 gas was introduced in focusing ion beam machining equipment as gas for 
membrane surface formation. Next, the focused ion beam of 30nm of ion beam **** and ion 
current abbreviation 3pA is used. After irradiating a focused ion beam in the shape of Rhine so 
that it may become the repeat of almost parallel Rhine at intervals of about 150nm as shown in 
drawing 10 (c) The pore formation start point was formed in the field surrounded by each Rhine 
by irradiating a focused ion beam in the shape of Rhine so that it may become the repeat of 
Rhine almost parallel to a direction which is different 60 degrees to previous Rhine at intervals 
of about 150nm. The membrane surface containing W is formed in the exposure location of a 
focused ion beam at this time. 

[0165] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution - using - a constant 
temperature bath - a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 80 - it was referred to as V. 

[0166] next, a workpiece - after [ anodizing ] and 5wt% ~ the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0167] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 170nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0168] Example 16 this example is an example which manufactured the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0169] (a) Using the same approach as (a) and (b) of the formation process example 13 of 
workpiece preparation and (b) pore formation start point, after preparing a workpiece, the pore 
formation start point was formed in the workpiece. 

[0170] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using ~ a constant 
temperature bath - a solution ~ 3 degrees C - holding ~ an anodic oxidation electrical potential 
difference — about 70 — it was referred to as V. 

[0171] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6 . The membrane 
surface 14 was removed by carrying out Ar ion etching of the workpiece as first shown in 
drawing 9 (c) ((a) of drawing 6 ). Next, the part of the bulk 1 1 of aluminum of a workpiece was 
removed by dipping a workpiece in the HgC12 saturated solution ((b) of drawing 6 ). next, a 
workpiece - 5wt(s)% - while removing the barrier layer 4 by dipping between 30min into a 
phosphoric-acid solution, by extending the path of pore, the nano structure which has the 
penetration pore 5 was manufactured ((c) of drawing 6 ). 
[0172] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each penetration pore is mostly foitned by the repeat of a 



honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. 

[0173] Example 17 this example is an example which was filled up with the metal in pore and 
manufactured the nano structure (quantum wire), using as mold the nano structure which has the 
pore formed by anodic oxidation. 

[0174] (a) As shown in a detail at (a) of workpiece preparation drawing 7 , after forming Ti film 

used as pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 

13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of about 500nm 

with resistance heating vacuum deposition further was prepared as a workpiece 1. 

[0175] (b) The pore formation start point was formed in the workpiece using the same approach 

as (b) of the formation process example 13 of a pore formation start point. 

[0176] (c) The path of pore was extended after forming pore in a workpiece using the same 

approach as (c) of the formation process example 13 of pore ((b) of drawing 7 ). It was able to 

check that anodic oxidation had reached to pore trailer material by reduction in a current value 

here at the time of anodic oxidation. 

[0177] (d) When the metal packer into pore performed nickel metal electrodeposition more next, 
it was filled up with the filler 6 in pore ((c) of drawing 7 ). nickel was deposited in the nano hole 
by nickel restoration dipping and electrodepositing it with the counterelectrode of nickel, in the 
electrolytic solution which consists of 0.14MNiSO4 and 0.5MH3BO3. 
[0178] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about 150nm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[0179] When the workpiece after nickel restoration was fiirthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 

[0180] As shown in example 18(a) workpiece preparation drawing 9 (a), what performed mirror 
plane processing for the front face of aluminum plate of 99.99% of purity by electric-field polish 
in the mixed solution of perchloric acid and ethanol as a workpiece was prepared. 
[0181] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0182] First, the location which forms a pore formation start point was defined using the 
secondary electron observation fiinction of electron beam irradiation equipment attachment. Next, 
pyrene gas was introduced in electron beam irradiation equipment as gas for membrane surface 
formation. Furthermore, the pore formation start point was formed using the electron beam with 
a beam diameter of about lOnm by irradiating an electron beam so that the non-irradiating 
location of an electron beam may become the repeat of the pattern of a honeycomb mostly at 
intervals of about 150nm, as shown in drawing 1 0 (a). The membrane surface containing C is 
formed in the exposure location of an electron beam at this time. 

[0183] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution - using ~ a constant 



temperature bath ~ a solution - 3 degrees C — holding - an anodic oxidation electrical potential 
difference — about 70 — it was referred to as V. 

[0184] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0185] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM (field emission scanning electron microscope), a 
pole diameter is about 50nm, pore spacing is about 150nm, and, as for each pore, it was checked 
that the repeat of a honeycomb-like pattern is formed mostly and the high nano structure of the 
regularity of pore is formed. 

[0186] As shown in example 19(a) workpiece preparation drawing 9 (a), what formed aluminum 
film with a thickness of about 200nm with resistance heating vacuum deposition was prepared on 
the quartz substrate as a workpiece. 

[0187] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0188] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
pyrene gas was introduced in electron beam irradiation equipment as gas for membrane surface 
formation. Furthermore, the pore formation start point was formed using the electron beam with 
a beam diameter of about lOnm by irradiating an electron beam so that the non-irradiating 
location of an electron beam may become the repeat of the pattern of forward four square shapes 
mostly at intervals of about 150nm, as shown in drawing 10 (b). The membrane surface 
containing C is formed in the exposure location of an electron beam at this time. 
[0189] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution ~ using - a constant 
temperature bath ~ a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference - about 60 ~ it was referred to as V, 

[0190] next, a workpiece - after [ anodizing ] and 5wt% tiie path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0191] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each pore is mostly formed by the repeat of a forward 4 
square-shape-like pattern, and the high nano structure of the regularity of pore is formed. 
[0192] The same workpiece as the example 20(a) workpiece preparation example 1 8 was 
prepared. 

[0193] (b) The electron beam exposure was performed to the workpiece using the formation 
process electron beam irradiation equipment of a pore formation start point, and as shown in 
drawing 9 (b), the pore formation start point was formed in the workpiece. The acceleration 
voltage of electron beam irradiation equipment is 200kV here. 

[0194] First, the location which forms a pore formation start point was defined using the 
secondary electron observation function of electron beam irradiation equipment attachment. Next, 
W(CO) 6 gas was introduced in electron beam irradiation equipment as gas for membrane 
surface formation. Next, the pore formation start point was formed in the field surrounded by 
each Rhine by irradiating an electron beam at the shape of Rhine so that it may become the 



repeat of Rhine almost parallel to a direction which is different 60 degrees to previous Rhine 
after irradiating an electron beam at the shape of Rhine so that it may become the repeat of Rhine 
almost parallel at intervals of about 150nm, as shown in drawing 1 0 (c) using an electron beam 
with a beam diameter of about lOnm at intervals of about 150nm. The membrane surface 
containing W is formed in the exposure location of an electron beam at this time. 
[0195] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution - a 0.3M phosphate water solution ~ using - a constant 
temperature bath ~ a solution - 3 degrees C - holding - an anodic oxidation electrical potential 
difference « about 80 - it was referred to as V. 

[0196] next, a workpiece - after [ anodizing ] and 5wt% - the path of pore was extended by 
dipping between 30min into a phosphoric-acid solution. 
[0197] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 1 70nm, and it was checked that each pore is mostly formed by the repeat of a honeycomb- 
like pattern, and the high nano structure of the regularity of pore is formed. 
[0198] Example 21 this example is an example which manufactured the nano structure which has 
penetration pore by removing parts other than the part which has pore. 
[0199] (a) Using the same approach as (a) and (b) of the formation process example 18 of 
workpiece preparation and (b) pore formation start point, after preparing a workpiece, the pore 
formation start point was formed in the workpiece. 

[0200] (c) Anodizing was performed to the workpiece using the anodic oxidation equipment of 
formation process drawing 5 of pore, and the pore object was formed as shown in drawing 9 (c). 
the acid electrolytic solution ~ a 0.3M oxalic acid water solution — using ~ a constant 
temperature bath - a solution - 3 degrees C - holding ~ an anodic oxidation electrical potential 
difference — about 70 — it was referred to as V. 

[0201] (d) The removal process of parts other than the part which has the removal process pore 
of parts other than the part which has pore is shown in (a) - (c) of drawing 6 . The membrane 
surface 14 was removed by carrying out Ar ion etching of the workpiece as first shown in (c) of 
drawing 9 ((a) of drawing 6 ). Next, the part of the bulk 1 1 of aluminum of a workpiece was 
removed by dipping a workpiece in the HgC12 saturated solution ((b) of drawing 6 ). next, a 
workpiece - 5wt(s)% ~ while removing the barrier layer 4 by dipping between 30min into a 
phosphoric-acid solution, by extending the path of pore, the nano structure which has the 
penetration pore 5 was manufactured ((c) of drawing 6 ). 
[0202] Evaluation (structure observation) 

When the workpiece was observed in FE-SEM, a pole diameter is about 50nm, pore spacing is 
about 150nm, and it was checked that each penetration pore is mostly formed by the repeat of a 
honeycomb-like pattern, and the high nano structure of the regularity of penetration pore is 
formed. <BR> [0203] Example 22 this example is an example which was filled up with the metal 
in pore and manufactured the nano structure (quantum wire), using as mold the nano structure 
which has the pore formed by anodic oxidation. 

[0204] (a) As shown in a detail at (a) of workpiece preparation drawing 7 , after forming Ti film 
used as pore trailer material 15 with a thickness of about 50nm by the spatter and forming a base 
13 on the Si substrate 16, what formed the aluminum film 12 with a thickness of about 500nm 
with resistance heating vacuum deposition further was prepared as a workpiece 1. 
[0205] (b) The pore formation start point was formed in the workpiece using the same approach 



as (b) of the formation process example 1 8 of a pore formation start point. 
[0206] (c) The path of pore was extended after forming pore in a workpiece using the same 
approach as (c) of the formation process example 18 of pore ((b) of drawing 7 ). It was able to 
check that anodic oxidation had reached to pore trailer material by reduction in a current value 
here at the time of anodic oxidation. 

[0207] (d) When the metal packer into pore performed nickel metal electrodeposition more next, 
it was filled up with the filler 6 in pore ((c) of drawing 7 ). nickel restoration - 0.14MNiSO4 and 
0.5MHBO3 from ~ nickel was deposited in the nano hole by being dipped and electrodeposited 
with the counterelectrode of nickel in the becoming electrolytic solution. 
[0208] Evaluation (structure observation) 

When the workpiece before nickel restoration was observed in FE-SEM, a pole diameter is about 
50nm, pore spacing is about 150nm, and it was checked that each pore is mostly formed by the 
repeat of a honeycomb-like pattern, and the high nano structure of the regularity of pore is 
formed. Moreover, it was checked that pore has reached to pore trailer material, and the die 
length of pore was controlled by arranging pore trailer material. 

[0209] When the workpiece after nickel restoration was furthermore observed in FE-SEM, pore 
is filled up with nickel and the quantum wire which consists of nickel of about 50nm of sizes was 
formed. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

IDrawing 1] It is process drawing showing an example of the manufacture approach of the nano 
structure of this invention. 

[Drawing 2] It is the schematic diagram showing an example of the nano structure of this 
invention. 

[Drawing 3] It is the explanatory view showing an example of the gestalt of the workpiece of this 
invention. 

[Drawing 4] It is the explanatory view showing an example of formation of the pore formation 
start point by the particle radiation of this invention. 

[Drawing 5] It is the schematic diagram showing anodic oxidation equipment. 

[Drawing 6] It is process drawing showing an example of the manufacture approach pf the nano 

structure which has the through tube of this invention. 

[Drawing 7] It is process drawing showing an example of the manufacture approach of the nano 
structure which has a filler in the pore of this invention. 

[Drawing 8] It is process drawing showing an example of the manufacture approach of the nano 
structure of this invention. 

[Drawing 91 It is process drawing showing an example of the manufacture approach of the nano 
structure of this invention. 

[Drawing 101 It is the explanatory view showing an example of formation of the pore formation 
start point by the particle radiation of this invention. 

[Drawing 11] It is the explanatory view showing an example of formation of the pore formation 
start point by the particle radiation of this invention. 
[Description of Notations] 

1 Workpiece 

2 Pore Formation Start Point 



3 Pore 

4 Barrier Layer 

5 Penetration Pore 

6 Filler 

10 Corpuscular Ray 

1 1 Bulk of Aluminum 

12 Film of Aluminum 

13 Base 

14 Membrane Surface 

15 Pore Terminal Point Member 

16 Substrate 

17 Conductive Film 

18 Insulator Film 

31 Dot Exposure Location 

32 Rhine Exposure Location 

33 Rhine hitersection 

41 Constant Temperature Bath 

42 Cathode 

43 Electrolytic Solution 

44 Reaction Container 

45 Power Source 

46 Ammeter 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the pore characterized by having the process which 
irradiates a corpuscular ray at a workpiece, and the process which forms pore in said workpiece 
by anodizing the workpiece which irradiated said corpuscular ray. 

[Claim 2] The manufacture approach of the pore according to claim 1 characterized by said 
corpuscular ray being a charged particle beam. 

[Claim 3] The manufacture approach of the pore according to claim 1 or 2 characterized by said 
corpuscular ray being a focused ion beam or an electron beam. 

[Claim 4] The manufacture approach of pore given in claim 1 characterized by irradiating said 
corpuscular ray at two or more parts of a workpiece thru/or one term of 3. 
[Claim 5] The manufacture approach of pore given in claim 1 characterized by carrying out the 
multiple-times exposure of said corpuscular ray at the same part of said workpiece thru/or one 
term of 3. 

[Claim 6] The manufacture approach of pore given in claim 1 characterized by changing the 
amount of the corpuscular ray to irradiate and irradiating said corpuscular ray with the location 
which irradiates said workpiece thru/or one term of 3. 

[Claim 7] The process which irradiates said corpuscular ray is the manufacture approach of pore 
given in claim 1 characterized by being the process which removes said film alternatively thru/or 
one term of 6 by irradiating said corpuscular ray at the film which controls the anodic oxidation 
arranged on the front face of said workpiece. 

[Claim 8] The process which irradiates said corpuscular ray is the manufacture approach of pore 



given in claim 1 characterized by being the process which forms in the front face of said 
workpiece the film which controls anodic oxidation alternatively from the raw material contained 
in the ambient atmosphere which surround said workpiece thru/or one term of 6. 
[Claim 9] The manufacture approach of pore given in claim 1 characterized by the diameter of 
the corpuscular ray which irradiates said workpiece being 500nm or less thru/or one term of 8. 
[Claim 10] The manufacture approach of pore given in claim 2 characterized by the elements of 
the ion kind used for said focused ion beam being elements other than noble metals thru/or one 
term of 9. 

[Claim 1 1] The manufacture approach of the pore according to claim 10 characterized by 
pouring into said workpiece the element of the ion kind used for said focused ion beam more 
than Ippm. 

[Claim 12] The manufacture approach of pore given in claim 1 which is the member to which 
said workpiece uses aluminum as a principal component thru/or one term of 1 1. 
[Claim 13] The manufacture approach of pore given in claim 7 whose film which controls said 
anodic oxidation is an insulator thru/or one term of 12. 

[Claim 14] The manufacture approach of pore given in claim 7 which is the metal with which the 
film which controls said anodic oxidation contains Nb, Ti, Ta, Zr, W, or Hf thru/or one term of 
12. 

[Claim 15] The manufacture approach of pore given in claim 7 which the film which controls 
said anodic oxidation becomes from the conductive film formed the insulator film and on it 
thru/or one term of 14. 

[Claim 16] The manufacture approach of pore given in claim 8 to which the raw material 
contained in the ambient atmosphere which surround said workpiece is characterized by being a 
metal carbonyl, metal hydride, a metal halogenide, or an organic compound thru/or one term of 
15. 

[Claim 17] The manufacture approach of the pore according to claim 16 characterized by said 

organic compound being an organometallic compound. 

[Claim 1 8] Pore manufactured by the approach of claim 1 thru/or either of 1 7. 

[Claim 19] The structure which has the pore manufactured by the approach of claim 1 thru/or 

either of 17. 
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H 7 h W^zm^t S c i: ic i 0 aefL}|5^M«!^;^©}^fi)c^ 
J:©tt§H>y h(4HT-©iim'r*>lf-A 
OMISmmiM^ 3 0 m s e c fc„ 
[0 10 1] (c) iffl?L©J^fi!tXS 

0 5 o^mwm.^mitm^^m^xmzwmAt'm.^m 

1Iry7j<ti(c j;!5?grS;&3°Clc^J#U 
fWiEti*-] 7 0 V i: L/co c c -eBli^ftB^fcfc^^T. 

50 fcCt^HIE-rscfc^^-ptrco 
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n 

[0102] ^mzmxiM^mLWdsm'^^x. 5 w t % 

^Uitc ( (08 (c) o 

[010 3] iTfiii mmm 

F E - S E M»CT«IS5 Lfe i: d 5. ^ffifflfP 
<oa7LS{4i|>) 5 0 n m. 7;l/5-^-ffiT©»LSa*>I7 0 
nm. fflMBIliilSj 1 SOnmTfeD. ^iM?L«l^^^/^ 

© P t )gi:*ffl?Li^^g|5**T'fe5 T i liOHT'lfS^SnT 
[0 10 4] HffiflOJS 

So 

[0 10 5] (a) «iinx»©*ii. (b) aB?LM»a 
%mm\(r) (a) , (b) i:lH|1i473iS^fflv>T. WM 

[0 10 6] (c) iHe?L©JBB!tX8 

u m\ (c) ic^-rj;3fcSffl7L»^ji5B)cL/co Ka« 

[0 10 7] (d) iai?L^wrssi5^^j.x^i-©i5^j'Oi^£ 
xa 

iBifL%Wr5a5^^J.X^1-OSI5«-<D^£xa*06 (a) ~ 
(c) tCS^v-To t-ril6 (a) {C^s-r<k9:&^/1«ji{* 
^HgC l2fiaSl?gf^tgt-Ci;tcj;0«iDX%©A 1 
CD/^;!/^' 1 KDgP^^^iL^c (136 (b) ) c 
iDXt»* 5 w t % U ym^Wi-M^ 3 0 m 1 n P^ft-T C k 

(06 (c) ) c 
[0 10 8] Ifffl 

tSiDX^^F E-S EMKT«SL/ctC5, fflfLgti 
*>! 5 0 n m. ffl?LHPil4*>J 1 0 0 n mTfe D , ^HaSB 

[0 10 9] ^fiS(5ij6 

[0 110] (a) mi\im<mm 

mi (a) ICS^N-Tck^lc, S iStSl 6±tl?^if<j5 0 
n m©il?L«?4Sa# 1 5 i: LT^ffl-T 5 T 1 M«:X/^y 



(10) !i$Bfl2 0 0 1 - 1 0 5 4 0 0 

/« 

5 0 0 n m©A 1 ^ 1 2 ^giaSD^WffiT'fiagLfct 
€>%»X*!3 1 t LT5piiL/c„ 

[0 111] (b) m^^mi^M.nY&mM 

0ms e cT'$5Ci:J.X5^(i. 1 © (b) tlBll^ 

i5:;^S^ffli/>T. M/raX!afCffl?L}gfiStgBSS^?rJBfiEL 

[0 112] (c) momxs 

n^m&r^. m^<Dm^mfrc mi (b) ) o cct- 

[0 113] (d) mnp^^o^mnmxm 
N i ^mn^^'u octic^o. mwc^m a 

?r3?«Lfc (07 (c) ) o N 0. 1 4 MO 

NiS04. 0. 5M(DH3B03*''e)^SS»iffi'fT', 

20 [0 1 1 4] fFii («l)gm^) 

N 1 ytmm(DWjaxm^ f e - s e MizrmmLrc t c 
5. m^mm 5 o n m. m^mmiWi 1 0 0 n mx-^ 

c txmiKo&tmmsnxi'tzc 

[0 115] ^etCN i?tMtg©«AOX!t%^F E-S E 
mcxm^LrctC?>, mttN i T'3t«?nTfeD> 

[0 116] JrbKi^Jl 

^immui. mmmuctoi^^x (b) iiffl?Lfl5fiicF»i^(&^ 
©j^figxs?:fTftto^*^:3/'am3;. mmmit^ws. 

[0 117] mm mmmm 

maX^^F E-S EM{CTfi^Lfci:C5^ JfflfLSa 
3 0~5 0nm, i9l?LP^|!||{i 9 0 ~ 1 OOnm-pfefJ, 

^miii,i'y>ifMcm^tnx^>). mK(ommim 
[0 118] mmmi 

(a) if{iDXl%©*iii 

HI (a) tc^-rj;3(c. «inXi|^i:LT*6)a9 9. 9 
9 %<Dk 1 tg©Sffi^agig«Ki:x^fy-;KOiM-a-?§r« 

[0 119] (b) lffl?Lfl5figIlfm'#.©ffMxa 

e- A^st^s^&ffl I, ^^si^x!|^{i: tt?^ e- AMI* ^ 

ff%v>. 01 (b) »c^>-rj;3{c1ig)!ipxi^fcim?U^^M 
50 ^i^^m^Ltz, Cc:T'B?if-A9gj*gBoiinM«E 
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«2 0 0 k VT'feSo 
[0 12 0] S-r«?H-AHgStSg#S©2:Aa?ffi 

4 (a) fC^-rj:-5fC^|!B (2Rv) mi OOnmT'S 

ir / n:^ * A ^ ^ - y ©Si O jg L fc % i. J: d K L TMidn 

[0 12 1] (c) momxs 

m 5 ©|5i«<tSM^ffli/>M)!iPX!f^tcll@K<l:5l!lS^fii5 

01 (c) icmt^'jicmiiw^m^Ltco mmm 

[0 12 2] ^xicwjax^^mmmimmm. s w t % 
'J ymmm'pic 3 o m i n rsm-t ctiOiO. mnom 

[0 12 3] mm mmmm) 
max^^ F E - s E M («^si{Ui^«§ym?si«sa) 

fcrm^LfcfcC^, iffl?LStt«il5 0nin. ifflJLKPHfi 
[0 12 4] IIJS6»IJ8 

(a) mmxvsmm 

us (b) (C5's-rJ:9tc, ttiDXtlttTHi^Sfttl 3 

±i,cmim 2oonm©Ai^i2 ^imhamMMmc 

[0 12 5] (b) miiiB^mi^!^s(om!&xm 

tTfti\ 01 (b) ic^^-ri^oicmrnxmcmnmm 
iih^^m^Ltco ccx'm.^\£-j^mmmm(oi}amitE 

« 2 0 0 k VT$>?.„ ffm'?\£- i.w.Mmmim(D 2 

VT. 04 (b) iC^^t^olcmm (2Rv) iliieOn 

TM)!iDx?^tcm?e-A% K-y hmcmmt^cticj;. 

[0 12 6] (c) miKom^xm 
m 5 (Dmmmimmmi^^mhaxmcmmmimm^m 

U 01 (c) {c^-r<fc3f!:iffl7L#%jg^Lfc. ei1I» 

3 t:fcfsif L. ^mmitmmm 2 5 v t bfc„ 
[0 12 7] ^ximmx^^mmmimm^k. 5 w t % 

U >'K}g?8t4'li: 2 0 m i n mUtc i: (c<t 13 , aiTLOS 

[0 12 8] wm (mmmm.) 



(11) 1tB8200 1-1 05 4 00 
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ffl?L©«Wtt©iSi/ / «5if**^fl5B£S nx i^S ©*^fil 

[0 12 9] nmm9 
(a) mmx^comm 
mmm 7 tmmrj:^imxmmmLrzo 

[0 13 0] (b) miimf&m^i^comis.xm 

tf*t\ 01 (b) ic^tnoiicmijaxmcmiim^m 

10 2 0 0 k VT'$)5o $-rtt?tr-ABiSt^Bf>tM© 2 

i/^T. 0 4 (c) icmtiioicmmmi oonm-esi? 

¥fT^ 7 >©^ 0 jg L fC ^ <t 9 fcm? e- A^ -5 
^ysmc^Wim l O O nmTS(r¥ff*7l'>©ifit)3i 
it). §7'fV©2g^Slcim?LJ&fi)tr»f1(i&^^©Sfi!c*t7=S:o 

fee 

20 [0 13 1] (c) «ffl?L©JgfigXS 

0 5 ©PiffiiEftl?H^ffli/^«i)ax!|^(c^»ft;5i!iS%fiS 

u 01 (c) ic^^t^oicmnt^^B&Ltzo mmm 
3 tfcfsit f^mmitmmm 5 o v t Lfc„ 

[0 13 2] ^^tCffi^jljDX^^Illi^lbJaatf. 5w t % 
U>'SE?§jSff'tC3 Om i nP^a-rcttCJ;'), iiifL©S 

[0 13 3] wm m'Mm^) 
Wjux^^f E-s EMicxm^Lrctci. mumii 
30 msonm. mK?smi,tm 1 1 5 n m-e^ d . ^mnn 

*^fiiK$ n/c, 
[0 13 4] mmmi 0 

(a) ISiDX*&©*Pli 

08© (a) lcmmi,C7rs-r^r>lc^ S iStSl 6±tc|f 
5 0 n m©$ffl?L*I^Si5*^ 1 5 i: LXmiT^ T i ^ 

|^I500nm©Allll2 ^ffiJixi!)D®i^»jiT« 
40 ^ ?.(C^H11 1 4 i: LTlfeiSftM 1 8 T-feS/»$*tl 2 0 
nm©S 1 02 )l«rX/<>ya»ffiT. ««14ffit 1 TXfeS 
/I^*>)2 0nm©P t^^X/^^i/^fjsfeT'jefigbfcfc©* 

ffij!)BXi|%ll tLT*P<itfc„ 

[0 13 5] (b) mjiBis.miihj^(DBis.xm 

e- ABSW^g^ffl l/>»X!|*fc«? If- ASSW* 

08 (b) ^cs"^■ri 3 tcM)bnxti(cjffl?LJBfiScrj3 

JEfi 2 0 0 kVX'&^c S-r«?tf-ABa^«gMJi© 
so fig^^i6fc„ ^Kl':t>e-AS*^ 1 0 nm©ll?t: 
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-A*fflv^T. 011 (a) so 
[0 13 6] u) miKom^Tm. 

[0 13 7] ^K^Mx^n^^mm&imm^. 5 w t % 
u ymmm^ic 3 0 m i n rsmtc tiao. mnom 
^mnz ( (^8 (c) w o 
[0 1 3 8] wffi mmmm) 

maH^^ F E - S E M C TSlg Lfc i: C 5. SffiliT- 
nm, *ffl?LHPil±*5l SOnmT'feDs ^iM?Lf4($t?''N 

o p t mt^mMj^^ttX'h^ T i MoF^T'ifsigi* nr 
[0 13 9] %mm \ 1 

Tfes. (a) «tan%©!piifej:tf (b) mmmi 
^m^mumt. m&mm (a) . (b) tmmrj. 

[0 14 0] (c) mnoym^xm 

u 01 (c) icTn-rx^icmn^^m^Lrco mmm 

3 "Ctcffij* ^1iK{b«E{4«?l 4 0 V t L/io 
[0 14 1] (d) iffl?L*WrSg|5i^Jii^(DS|5iJ-©l^i 

*ffl?L^S-ri.g|5^i-Wn©a5^3^<O^SXg^06O (a) 

~ (c) (c^-r, s-riae© (a) (c^-r<fc3^-f/« 

kKDJ'^fii/i \ (D^^^mi:Lrc (meo (b) ) c 

'^icmimX^^ 5 w t % VKJ§?K*tC 3 0 m i n Sil 
t c i: J: ?) /'C ij 71 4 ?:^£-r i. t iRl^fcSBTLOS* 

m'^cticx-DX. nmmiL 5 :^^tzi-ym^w^ 

mi^Lfc (06® (c) ) „ 

[0 14 2] mm mmmm) 

mtax^^Y E-s EmcxmmLfztc^b. mumn 
msonm. m^rmum i o o nm-cfet). ^m^m 
?L«i N- * Atto/ ^ ^ - y oji D jI t T' jgfig 2 nr 
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[0 14 3] mmmi 2 

:^mmmit. mmmmcii-:>xBiiiLrc^-;i vtLx 
mufHic^m^^mvxi-ymmtif. m^mm) ^mm 
Lrcmx-$>^o 

[0 14 4] (.a) mtax'^mm 

miO (a) fCpaBtc^-Tctdfc. S iSSl 6±lcm 

5 0 n mojfflm'^.a'* 1 5 1 Lxmt^ T i ^ 

^X/^y^i^T'fiEMbTS^*l 3^}^fiStb^dgtc, 
icmtf^ 500nm©AllKl2 «:S*iiPia^«jiT*« 
70 mLfzi^cO^maX^ 1 i: LT?P1iLfc„ 

[0 14 5] (b) miLm^mit^<Dmis.xm 
mmmio) (b) tn^STaS^fflv^T^ wjoxmicm 

[0 14 6] (c) mKom&xm 
mmmico (c) tmrn^jiysm^^^'X. mmxmicm 

7L?rfl5fi8bm mHoym^liUfrz (07© (b) ) = 

20 [0 14 7] (d) fmiP^^<o^m^xm 
e^^mLtc m7(D ic) ) o N i^mit. 0. 14 

MONiS04. 0. 5M(DH3BOii)^^ii^mMm^ 

x\ N i<Dici\^mMtm,cmvxm.mt^ctx-f-/t^ 

[0 14 8] mm mmm^) 

N i y^mmnmaxiifB^ f e - s e mcxmrnvtztc 

5v mUmm 5 0 n m. mr^RltiJ^ 1 0 0 n mT'£. 

c txmiKDSitmymtix^^tzo 

[0 14 9] ?6KN i?E«»OlftJlDXtl*FE-S E 
*$*?I5 0 nrntON 1 i)^^iS:^m^mmti^Bm^tlX\^^ 

fZo 

[0 15 0] mmmi 3 

(a) muxwm 
40 139 (a) iz^st^oic, WiaxVntLxmAQd. 9 

*T©aiWBfc J: 9 liEiDX^rff % t> fc 05r*Pli L 

[0151] (b) mKBis.mPhi^(omj&xm 
m^^ t y\£-i.imxmm^m^^w.i3axmzm^^ * y 

t*-ABS|^;&^T^l^, 119 (b) ic^stJ^^lcWiaX^ 

i,cmiim^m^!^.^m^Lrzo ccxm-^-f^y\£-L 

mxmm(D^tymi,iG a, SPiiSEtiS 0 kVX$> 
JO [0 15 2] Sf*mi':tve-AilDXSH{^f]g©2;>; 
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e-AS*>)3 0nm. -<:irymMl2 p A(DmM-f:^y 
e-A?:fflV^T, 010 (a) fc^-r<J: 5 fc^S-T^V 

\£-L.o:>nmMimti''Psmm 1 5 onmr-m^^^-^iL. 
«mt^ c t ^ o mMMm^i^ommnrs. o tc. 

[0 15 3] (c) miKommx^ 

L. 09 (c) icTntx'^icmii^^mis.Lrzo mmm 

«r 3 -ctc^jt L. mmmitmEim 7 0 v t ltzo 
[0 15 4] :^xic^ max^^mmmitmm. 5 w t 
%vymmm^ic30mi nmmtcticxf). «?LO 

[0 1 5 5] ifffls mmmm 

mimxm F E - s E M (M^nm^mn^mm) 20 

mi 5 0nmT'feO, §iM?L«(i(r/N:i*A«0/^^- 

[0 15 6] mmm 1 4 
(a) maxmmm 

±izm 2oonm<DAiiii2 ^mmmm»mcxfS. 

[0 15 7] (b) m^filtBai&^OEfigXe 30 
e-AMSt^tT*i\ 09 (b) tcs^-r<i;5fc«)!raiftl 
ADX«g(Dl';i-Vil«G a . iDiimEt* 3 0 k VT^S 

So 

[0 15 8] $-r\ m^-f:^y\£-L.i]axmmim(0 2 
^mm'<ty^-L,taxmmmcmxLrzo ti^ic-ct 

yE-l.Wi/33 0 nm. -{:^ynmi3pA<DmM^t 40 
ye-i>?rffll>T. 010 (b) \,Z^ti:o\z^-^y(t 
y\f:-K(OimM{mifmim l 5 0 nmTSi?iE4ft 
CD / ^ - y 0 ii L f c ^ S <i; 5 :t V e - A 

^Bts^-rSci tick t)*fflfLJ^fiEPjfIjife^©J^fi£^tT*-p 

[0 15 9] (c) muni^rnxm. 

fiSU 09(c) »C5^-r<J:5fcffl?Lf*^JB«LfCo i^tt 

isffitto. 3u>':i.'omimwL^m^\ mmm^z^*) so 
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[0 16 0] :k\rLWmxm^mm^\mwk. 5 w t % 

U yWmW.^\z 3 0 m i n f^mt C i: 0 > ifflfLOS 

[0 1 6 1] fFffi («ii«^) 
ffiJnxti^F E-S EMtcTS^L/ctC?). iMTLSJi 
$>J5 0 nm, mJimmi<m 1 5 0 nrnT-^'J. #iffl?L« 

sif IE 4 ft ^ - y 0 s t 5 nrte 
[0 16 2] %mm \ 5 

(a) MiinxWd 

%mm \ 3 tmmrmiinxm^m'Mhtz, 
[0 16 3] (b) mimm\^&<omis.xm 

tr-Asgw%ff*t,\ 09 (b) {c5^-r<j;9»cis<iDii«j 

j!jDX«B©'f ^yaWG a , iJDJgmEti 3 0 k VTfe 

-So 

[0 1 6 4] $-f, m^>(^y\f:-LMX^mm<0 2 

m^mittco :^icm^(^m^i^:fi7.tLrvj (CO) 6 
ij7.:^m^-(ty\£-i.i]axmmmcmxLtco 

*>e-AS*^3 0nm. ^ :t yBiJSe^ 3 p A 0»«-r 
:t>'tl-A^ffl<,^T. 010 (c) (C^-rj;7{CP»t/ 
1 5 0nmT'(J{r¥lT*7'f'>Oi^0jiLfC^5i3fc 

^'>'f::»UT6 0aS^§7?lfi)(cF^PS$^Il 5 0 nm-e(S 
i,$¥nrj:y4y(Dm>jmucrj:;^X'yicm^^:ty\£- 

L.^^-fymzm^t^cti,ciiO. ^^I'vicHsn 
[0 16 5] u) miKom^xm 

m 5 cD^ffiKft:^§^fflt,^ffii!iQX!|%i(c^ffiiK{t:i!ia;&S6s 
L. 0 9 (c) {c5^-rJ:dfc*ffl?L{*%fl5)«Lf:c K«» 

i& 3 "Cimn sffi»{taE«i^ s o v t fco 

[0 16 6] i^tc, ISjllPXtl^r^ffiKfMatg^ 5 w t 
%'J>'K^fS*tC3 0mi nHa-rctti:<};t)s SfflfLO 

[0 16 7] ^liffi («|]iM^) 

[0 16 8] mmmi 6 
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[0 16 9] (a) MipxiKsJpii. {b) mmmm 

imm\ 3© (a) . (b) t|B|«^7?!S%fflV^T. M 

CO 1 7 0] (c) 

U 09 (c) tC^-r<}:3(Clffl?Li**}^figLfco 

[0171] (d) m^^mt^^'^u^iou^nm^ 

TM 

~ (c) tc^fo t-fHQ (c) ics^-r-fc^^ffiiPXtl 

^Lfc ®6C) (a) ) „ ^^{CffiinXl^^&HgC 12§S 
fPJg^tca-rcttcJcOISAoXl^OA 1 ©/^^l/i' 1 1 <r> 
a5i^«rl^SL/c: 0 (b) ) o :^^{CM<IPX1%% 5 w 
t %^)yW-^m¥\,Z3 0m i nP^St-C t{C.}:»3-'';UT 

(C) ) o 

[0 1 7 2] wffi mmm 

SinXl^^SrF E-S EMtcrffi^L/ihC^^ WLSf* 
*11 5 0 n m. m^mmtm 1 5 0 n mT'$) !3 . ^®a*ffl 

[0 17 3] ^fifiglll 7 

[0 17 4] (a) «iinx#i?(s«i 

mm (a) (cpffl(c^-rj;9tc. s issi 6±t;i 

5*4) 5 0 n mOSB?L,^iffig|5*^ 1 5 t LT^ffl-TS T i M 
«rX/^)/^^^-efii^^LTS»l S^J^figLfd^fc. S6 
(ilJI^S?! 500nmOAl«12 %fi*illP|g5^«}*T'^ 

[017 5] (b) «ffl?Lmr»gtej^©jgfigxg 

*fi8^Jl 3© (b) fc|B|«%7?ffi«rffll/^T. MiDXWc 

[0 17 6] (c) m^JgfigXfi 

*ffi«!iji 3C0 (c) mm.rs.i5m^m\^^x. mwumn 

jm?L«-Jg^. ttl7LOS«rt£:tffu (07<D (b) ) . C 

[0 17 7] (d) miin^<D^mfmiM 
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5:3t«Lft (07<O (c) ) „ N i?c««, 0. 1 4M 
NiS04. 0. 5MH3B03*^e.*?.l|)gjfttfT% N 

tcN i ^rflrm^-arfco 
[0 17 8] fPfflS 

N i?£«W©Mi!inXtl*F E-S EMfCTffiStfctC 
5^ WLS(i:|>) 5 0 n m, ffl?LPEg[!i(i:ll>I 1 5 0 n mTfe 

[0 17 9] $5){CN i3ic«fS®M)l)nXtl^F E-S E 

mzxmiLfctcb. ae?L«N i T'?t«^nTt3f). 

/Co 

[0 18 0] ^ffigljl 8 

(a) maxm'M 

139 (a) iCTT-t^oK. Wi^x^tLxmrn^. 9 

20 9 %© A 1 ffioSffi%jiffi^S! i: X y -;P©S^}g^ 
*T'©mi?W«H: .fc 9 liEftDX^ff o ^©^iPti L 

/-Co 

[0181] (b) iBil?LJgfiEMte;iS©JgfigX@ 

tT^v\ 119 (b) tc^-rj:^(c»inXit^tclffl5l}i5figFj3 
te^S^Jgfiic L /Co C C T'tt? e- ABgSJ^Eoj)Q)i«E 
«2 0 0 k VT'feS. 

[0 18 2] t-r\ «?e-AMS^SB<^SI©2:^^«? 
30 lt>tco mcmmmm&m:fi:^tLX\dlyyfy'7.^mFf\£ 

-i^mi&mmcmxLrco t ibic\£-Lm3 1 o n m 

©m?e-A^ffl^^T, 010 (a) {C5"x-r=};3tcm? 
(f-A©^KTOfigA^P«i|i>I 1 5 OnmXm$/\-tlL 
©/^^r->©!S(JjgLtc^c5 J: 3 tcS^e-A^Bgj^-r 
Si:i:(cj;0mfBfi!t«-'i5©J^fi)c^t7«c-:5fco C©i: 

t«?e- ^©HgihffitHicti: c ^^tsmmm'^m^iti 

Tl/^i)o 

[0 18 3] (c) iRllTLOJg^Xg 

-^0 U 09 (c) tc^x^<J;3(i:ifflfLf*^Jgfi)tL/-Co 

jSliO. 3MU VK*}§?S?rffli\ ■|IS7j<tt{c«t?)jgjS 
* 3 r tc«jt 7 0 V t /-Co 

[0 18 4] mcmnx^^i^wmimmm. sw t % 

U>KS?gffkC3 0mi nP^a-rct{C<tt). iB?L©S 
«r)£tf/-Co 
[0 1 8 5] WfiBi 

SADxti^ F E - s E M mnmm^^mmT-mmm.) 

iCXm^LtctC^b. m@t**-I5 0nm. IfflfLP^Piii 
i^l 5 OnmT'St), SiHB?LfiSir/>-*A«©-'^^'- 

50 >'©aiOjiL*'«jgfig^nTfe'3, mii<omnm(D7iti^i- 
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CO 1 8 6] Wmx 9 

(a) MiDXWii 

09 (a) \Z7r<t^o\z^ IS)!jBXit%i:tTSISSffi±(i: 
W.^m2 0 0 nm©A 1 M^Stolin^^JiStCTfig)^ t 

[0 18 7] (b) SB?LW»Stej^.©fl5fiitIig 
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